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ABSTRACT 
The initial aim of this thesis was to apply and extend the chemistry of 
pyrrolizin-3-one ring systems to the synthesis of naturally occurring pyrrolizidine 
alkaloids. 
The methods of synthesis of unsubstituted-, 1 -monosubstituted-, 7-
monosubstituted- and 1 ,7-disubstituted pyrrolizidin-3-ones have been reviewed. 
Many pyrrolizin-3-ones have been synthesised by Flash Vacuum Pyrolysis 
(FVP) of propenoate ester derivatives or Meidrum's acid derivatives. A new 
synthetic route to pyrrolizin-3 -ones substituted at the 1-position by electron-
withdrawing groups has been developed by FVP of Wittig condensation products 
from pyrrol-2-ylglyoxylic acid derivatives. Unexpectedly 1-
methoxycarbonylpyrrolizin-3 -one spontaneously dimerises at room temperature 
within two days, in contrast to all other pyrrolizin-3-ones which are known to be 
stable. The dimerisation is thought to take place via a captodative diradical 
intermediate. 
Hydrogenation of 1- and 7-monosubstituted pyrrolizin-3-ones proceeds 
smoothly to give the perhydro system with very high diastereoselectivity after 
optimisation, in particular from the 7-monosubstituted pyrrolizin-3-ones. The level 
of selectivity attained is heavily dependent on experimental conditions, notably 
catalysts and solvents. Hydrogenation of 1 ,2-dihydro- 1 ,7-disubstituted pyrrolizin-3 - 
ones is more complex, due to additional steric interactions but some degree of 
diastereoselectivity is nonetheless observed. Reduction of the pyrrolizidin-3-one 
V 
systems thus obtained, allowed the synthesis of the pyrrolizidines heliotridane, 
isoretronecanol (both by two complementary routes) and retronecanol. 
Cycloaddition reactions of 1- and 2-monosubstituted pyrrolizin-3-ones with 
isobenzofuran have been studied. High selectivity for the endo products has been 
observed for pyrrolizin-3-one itself and the 1-methoxycarbonyl derivative, possibly 
due to a stabilisation of the transition state by favourable secondary orbital 
interactions. The methodology was then applied to the synthesis of the natural 
product, pyrrolam A, in three steps, from pyrrolizin-3-one by a Diels Alder - 
hydrogenation - retro Diets Alder sequence. 
The rate of ring opening of a variety of monosubstituted pyrrolizin-3-ones by 
reaction with sodium methoxide was followed by Stopped Flow kinetics. The rate 
was found to be greatly dependent on the nature of substituents and, to a lesser 
extent, on their position. The results have been applied to the synthesis of cis-
urocanic acid in two steps from methyl (E)-3-(imidazol-4-yl)propenoate. 
Finally extension of the chemistry of pyrrolizin-3-ones has been briefly 
investigated, in particular reactions with organolithium derivatives and thiophenol, 
oxidation and reduction reactions and photochemical dimerisation. 
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INTRODUCTION 
Numerous syntheses of hexahydropyrrolizin-3 -ones, also called pyrrolizidin-
3-ones, have been developed in the last 20 years, particularly with regard to their 
importance as pyrrolizidine alkaloid precursors. 1 Pyrrolizidine alkaloids are often 
derivatives of hydroxylated pyrrolizidines (necine moiety), which are generally 1-
and/or 7-(di)substituted by long highly branched chains (ester moiety). The 
pyrrolizidine bases can exist at different oxidation levels. A small selection is shown 
in Figure 1. 
	
H Me 	
CH2OH 	 CH2OH 
CTN3 cB cb 
heliotridane 	(-)-isoretronecanol 	(-)-trachelanthamidine 
Me H OH 	 H CH20H 	 H 
N 	 CN 
retronecanol 	 (-)-supinidine 	 pyrrolam A 
Figure 1 
We report here a comprehensive survey of the diverse syntheses of 1-
monosubstituted-, 7-monosubstituted- and 1 ,7-disubstituted pyrrolizidin-3 -ones as 
well as the parent compound 1. The surveyed synthetic routes have been classified 
according to the number and the positions of the bonds formed in the final step of the 
sequence. The hexahydropyrrolizin-3-one (or pyrrolizidin-3-one) nomenclature was 
used consistently even in cases in which the strict priority order was not followed 
(Figure 2). 
7A 	1 
Figure 2 - Pyrrolizidin-3-one 1 with associated numbering system 
A) PREPARATION OF PYRROLIZIDIN-3-ONES BY FORMATION OF 
ONE BOND 
Al. 11-21 BOND FORMATION 
This type of ring closure has been developed quite recently and applied to the 
synthesis of 1-substituted pyrrolizidin-3-ones by both radical and ionic cyclizations. 
The cyclization precursors are often made from homochiral derivatives of proline, 
which sets the configuration at the C7A centre. 
(a) 	Radical cyclization 
All the syntheses reported here used homochiral starting materials to produce 
optically active pyrrolizidin-3-ones. 
i) Tributyltin hydride-mediated 
Ikeda and Ishibashi examined the tributyltin hydride (Bu3 SnH)-mediated 
cyclization of N-allyl-a-chloro-a-thioacetamides and 	found 	it 	proceeds 
3 
regioselectively with high diastereoselectivity, as a result of a minimalization of 
steric repulsion between the substituent at C 1 and the C7-C7A bond in the transition 
state . 2  The radical precursor 2, prepared from (S)-prolinol, upon treatment with 1.1 
molar equivalent of Bu 3 SnH and a catalytic amount of azobisisobutyronitrile in 
boiling benzene, gave only the 5-exo product 3, along with some reduction product 4 
(Scheme 1 and Table 1). Desulfuration with Raney nickel provided the trans-
pyrrolizidin-3-one 5 as the major product with good diastereoisomeric excess. 
2c 
R 	u CH2R 	 H CH2R 
- - 
R1 Bu
3 S 	 Raney 
 CNCTNNO,
SR2 Ni so 
AIBN
20 	







R R 1 R2 3 4 de (5) 
H Cl Ph 49 13 >90 
H Cl Me 60 24 >90 
H SPh Ph 67 25 >90 
CO2Et Cl Ph 77 - 100 
Table 1- treatment of 2 with nBu 3 SnH; product distribution, yields and 
diastereoisomeric excess of 5 
4 
The dichioroacetamide 6 gave directly 5a (R= H) in 56% yield using 2.2 
molar equivalent of Bu3SnH.2C 
6 ClN7 Cl 
Compound 5b (R= CO2Et) was converted into the aldehyde 7, precursor of 












MsCl Et3 	 ) Me2S CNq 
0 	 0 
7 
Scheme 2 
A similar radical cyclization of N-allyl-a-haloacetamides, which involves an 
atom-transfer propagation, using an excess of iodomethane as an iodine transfer 
agent, has been reported (Scheme 3)•3  The stereoselective formation (de= 94%) of 
optically active 8 has the advantage of allowing further functionalisation. 
CIN7 
CHI 
Bu3SnH / hv 









The ruthenium-catalysed chlorine-atom transfer cyclization of the precursors 
2 has been reported. 2' The method, which proceeds with high stereoselectivity (de= 
90%), avoids the formation of the reduction products 4 and is more versatile for the 
elaboration of functionalities (Scheme 4). Thus the oxygen-function was introduced 


























Another radical cyclization involving an atom-transfer propagation has been 
reported, using a catalytic amount of copper(I) chloride (Scheme 5) . 
4 The high 
stereoselectivity observed in the previous cases is complete for this example, 






CuCI 	= 	Cl 







H Me 	 U 	
H —OAc 
H!Pd-C 	 AgOAc 
	
CqN Et3N ON~ qN 
Scheme 5 
(b) 	Ionic cyclization 
When an electrophilic centre is present at the 1-position a base induced ring 
closure can take place. 
Intramolecular Michael reaction of a suitably functionalised a-phenylsulfinyl 
acetamide gave stereoselectively 11 after desulfiuition (Scheme 
6)•2b  However both 
enantiomers were produced due to a partial epimerization at C7A before cyclization. 
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The homochiral dione 13 was formed by either base treatment of the 
acetamide derivative 12 or Dieckmann cyclization of the N-malonyl intermediate 14 
followed by decarboxylation (Scheme 7). 
5,6  It was then reduced by sodium 
borohydride to give 15 as the major diastereoisomer (de= 90%), which is the result of 
an attack from the most crowded face. This unusual result could be a consequence of 
electrostatic repulsion between the hydride and the nitrogen lone pair. Partial 
reversal of selectivity was observed when K-selectride was used. 6 Recrystallisation 
gave enantiomeric pure compound 15. Further treatments afforded pyrrolam 17 and 
other pyrrolizidin-3-ones (Scheme 8). In the reaction of the mesylate 16 with 
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13 	 15 0 
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Ishibashi has shown that ct-sulphinylacetamides 18 under Pummerer 
conditions can act as initiators for cationic olefin cyclization. This was accomplished 
by treatment with trifluoroacetic anhydride (Scheme 9). Hydrogenation of 19 over 
Raney Nickel gave the racemic pyrrolizidinone 20 with high stereoselectivity. 2 
8 
OMs 
Et3N 	= 	 Et3N 	 H2 
15 	
CN'III Cl? MsC1 
	
16 	0 	 17 
C  -'q 


















18 	 / 
CO2Me 	 H CO2Me 
CNe_~V SMe Ni  10 CN 
19 0 	 20 0 
Scheme 9 
Under the same conditions, compound 21 gave the pyrrolizidin-3-one 22 as 
the only diastereoisomer, which was transformed into the aldehyde 7 with a 75% 
optical purity (Scheme 10).2e 
9 
Me 	 - 	 - 







ii) All Hg 	 Na104 
o ii 0 	 0 
2 21 	 2 
Scheme 10 
(c) 	Others 
The a-iodoamide 23 cyclized in presence of a catalytic amount of Pd(PPh 3 )4 
to give a mixture of three products which were separated and treated individually 
(Scheme 11). The relative ratios of the cyclized products are dependent on 
experimental conditions. 7 
H CH2I 
+ CN + CIN 	 N 	 CN 
0 	 0 	 0 0 
I 1) B21-16
23 	 AgOAc 	ii) H202 / OW 	H2/ Pt 
iii) HC1 
H CH20Ac H CFI20H 	Me 
CTN 	 N 	 (:N 
Scheme 11 
10 
Intramolecular carbene C-H insertion of chiral 2-substituted pyrrolidines was 
achieved in a very high diastereoselective manner using dirhodium(II) 
imidazolidinone catalysts (Scheme 12).8  Compound 24 (R= OBn, OMe) can then be 
easily converted into the hydroxy derivative (R= OH). The regioselectivity of the 
process is excellent except in the case R= OBn where a C-H insertion also occurred 
into the benzylic position to give 25. 
C2 
R= Me, OBn, OMe 
Rh(II) catalyst 	 + 
CN 
24 





A2. 12-31 BOND FORMATION 
H" 	 H 
<:N 0 
Fe2(CO)9 










7 : 2 0 




Ley reported the enantioselective synthesis of 27 which could be converted 
into either (-)-heliotridane, or (-)-isoretronecanol by treatment with diborane. The 
key steps involve sequential formation of the ir-allyl tricarbonyliron lactam complex 
from the lactone 26, derived from (S)-N-BOC-proline, followed by carbonylation 
(Scheme 13). 9  
A3. [3-4] BOND FORMATION 
The amidic bond N-C(0) is relatively easily formed and not surprisingly the 
first pyrrolizidin-3 -ones were generated by intramolecular acylation of the 
pyrrolidine N-atom. Simple heating of the unsubstituted pyrrolidyl propionic acid 
28, or its esters, afforded the parent compound 1 (Scheme 14).' 
0-14 The ethyl ester 
has even been reported to cyclize at room temperature over 1-2 days. 
15 Another early 
synthesis of 1 has been achieved in one step from the pyrrole derivative 29 by 




AT 	 H2! Ni 
so T 	44 	 <\7 CO2R (ROH) 	 150 °C 	N 	CO2H 
28 	 140 atm. CH2Ph 




Today the [3-4] bond formation is often generated by either heating, treatment with a 
base or trimethyl aluminium, or a combination of these methods. Enantioselective 
syntheses of pyrrolizidinones have been recently developed using homochiral 
pyrrolidine precursors. For example synthesis of (S)-pyrrolizidin-3-one 1 was 
12 
carried out starting from N-(tert-butoxycarbonyl)-L-proline methyl ester (Scheme 
15).' The (R)-enantiomer was formed by cyclization of (R)-pyrrolidyl propionic 







i) CF3 CO2H 
ii) AT ':qN 
Scheme 15 
(a) 	Formation of 1-substituted pyrrolizidin-3-ones 
Most of the content of this section focuses on the synthesis of 1-
alkoxycarbonylpyrrolizidin-3-ones and 1 -hydroxypyrrolizidin-3 -one. 
l-Alkoxycarbonylpyrrolizidin-3-ones 30 (R= Me, Et) have been synthesised 
generally from N-protected 2-pyrrolidylbutanedioate esters (Scheme 16); 
deprotection, either by acidic hydrolysis or by hydrogenolysis, is followed by smooth 
cyclization to give 30 as a mixture of two diastereoisomers, often with poor 
selectivity. For example 321920  and the thiopyridyl 
3321  (R'= CH2Ph) afforded the 
racemic mixture of isomers in ratios of 1.6 : 1 and 2.5 : 1 respectively, upon 
hydrogenation over Raney Ni and heating. Alternatively 33 (R'= tert-butyl) gave the 
butenedioate ester 34 by oxidative elimination, which cyclized to 35. 21 Double bond 
migration afforded the 1 ,7A-dehydropyrrolizidin-3-one 36, which has also been 
synthesised from the diester 37. 
22  Hydrogenation of this compound proceeded 
selectively to yield solely the isomer of 30 in which the ester group is trans to the 
central hydrogen. The pyrrole precursor 31 was reported to ring-close upon 
13 
hydrogenation, after N-debenzylation and dearomatisation.' 6 Two chiral syntheses 
have been carried out. They both started from the optically active propenoate ester 
38. Orthoester Claisen rearrangement of the allylic alcohol derivative, 
23  or cuprate 
conjugate addition24 gave the vinyl derivative 39 as a diastereoisomeric mixture, in 
the respective ratios 2.6 : 1 and 6 : 1. Cyclization and oxidation can then be 
performed irrespective of order to yield 30; the two enantiomeric pure isomers were 
separated by chromatography. The cuprate method was also applied to the synthesis 
of homochiral forms of 1 -methylpyrrolizidin-3 -one. 
24 
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CN CO2Et 	ON 	 N 
32 CO2CH2Ph 	b 
CO2Me 	
30 CO2R Boc C 000 N' SPY 








CO2Me 	 CO2R 	 CH2CO2Et 




e 35 Ci 
Boc 	 0 
a) H 2 - b) Nil AT - c) MCPBA - d) CF 3 CO2H then NH40H - e) column - f) KH, 0 °C 
g) DIBAL-BF 3 .OEt then MeC(OEt) 3/HlT, or (CH2CH)2CuLi/TMSCI - h) H then PyrIDMPA 
i) [0] then CH 2N2 j) RuCI 3-Na104 then CH 2N2 - k) TFA then A1Me 3 
Scheme 16 
14 
Asymmetric syntheses of the hydroxy derivative 15 all started from Boc-(S)
prolinal. Hanson found that aldol condensation with lithioalkyl acetates occurred 
with moderate diastereofacial selectivity to give, after N-deprotection, a 4 : 1 ratio of 
the adducts 40; pure chiral material was obtained by recrystallisation and 40a then 
cyclized to the homochiral compound 15.25 Alternatively the pure pyrrolizidinone 
can be obtained by recrystallisation at the later stage. 
26,27  Attack of electronically 
generated methyl dichloroacetate anions proceeded in a highly selective anti-manner 
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The aldol condensation using chiral acetate enolates derived from the iron 
complex 41 allows an excellent stereocontrol. N-Cleavage and oxidative 
decomplexation gave enantiomeric pure 15. Similarly homochiral 42 can be 
prepared from the other enantiomer of the iron complex (Scheme 18). 
29   The 























Initial work towards the synthesis of aminopyrrolizidinones has recently been 
reported; intramolecular rearrangement of the 13-lactam precursor 43 under acidic 















Racemic acetylpyrrolizidinone 45 has been prepared from anodically 
prepared 2-methoxy- 1 -methoxycarbonylpyrrolidine (Scheme 20). 
19 No 
















(b) 	Formation of 7-substituted pyrrolizidin-3-ones 
This requires the introduction of a substituent at the 3-position of the 
pyrrolidine, which limits the method. 
Compound 48 was synthesised, as a racemate initially, from the 
dihydropyrrole 46a, by cis- hydrogenation of the double bond followed by 











+ N 	CO2Me 
PhR 
47 	 i) H2! Pd-C 







When a chiral auxiliary was used as with 46b, hydrogenation occurred with 
high diastereoselectivity (de= 90%) to afford 47 as the major isomer; this is a 
consequence of steric hindrance due to the phenyl ring on one of the face of the 
dihydropyrrole 46b, which is present in a single conformation. 3' The mixture 
subsequently cyclized to give 48 contaminated by a small amount of its enantiomer. 
The racemate of 48 was used as a precursor of amido and amino derivatives (Scheme 



































The chiral building blocks 49 (R= MEM, TBDMS), synthesised from 
Katsuki-Sharpless oxidation products of N-protected 3 -hydroxy-4-pentenylamines, 
cyclized smoothly to yield homochiral oxygenated pyrrolizidinones 50 (Scheme 23). 
The hydroxy derivative (R= H) was converted with inversion of configuration to the 
sulfide 51 via the mesylate. 33 
(c) 	Formation of 1 ,7-disubstituted pyrrohzidin-3-ones 
The 	stereocontrolled asymmetric 	synthesis 	of 1 ,7-disubstituted 
pyrrolizidinones, precursors of dihydroxy necine bases, from homochiral pyrrolidine 
derivatives, has been reported. 
34  Cyclization of the enantiomeric pure compounds 52 
and 54 gave respectively, after stereoselectiye ring closure and modification of the 
substituents, the homochiral products 53 and 55 (Scheme 24). 
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A4. 14-51 BOND FORMATION 
It was found that acyliminium ions bearing a N-chiral benzyl substituent react 
with high stereoselectivity with allylsilanes or allyl silyl ether derivatives, in 
particular where the hydrocarbon chain is trans. 35,36 The stereochemical course of 
the reaction from these two types of allyl precursors differs, allowing after further 
manipulation to synthesise either (7R,7AS)- or (7S,7AS)-7-methyl pyrrolizidin-3-one 
(Scheme 25). For example compound 56a yielded the major diastereoisomer 57 
(along with three others) which could be transformed into the optically active 
0 pyrrolizidinone 59 (ee= 68%) and its diastereoisomer in a 8: 1 ratio. 
35 Alternatively 
addition of the thio-derivative 58 gave mainly 60, which then yielded the 
pyrrolizidinone precursor 61 (de= 92%, ee= 72%).36 Diastereofacial selectivity is 
also dependent on the chiral auxiliary; the reaction of 58 with 56b, gave anti adduct 
60 as with 56a, but the face differentiation is reversed leading to the enantiomer of 
61 with high selectivity (de= 92%, ee= 98%). This is probably the result of a dipole 
interaction between the cationic iminium and the methoxy group. 
The synthesis of enantiomerically pure methyl derivatives 5a and 62 was 
achieved by treatment of chiral enol ethers with acetic acid, followed by reduction of 
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A5. 16-71 BOND FORMATION 
In this section several 7-substituted pyrrolizidinones were synthesised by 
either nucleophilic substitution or radical cyclization of 5-substituted 1-
halogenoethyl-pyrrolidin-2-ones. 
The ionic cyclization involves precursors such as 63 which can be made from 
amidoalkylation of cyclic acyl iminium ions (Scheme 27). Compound 63 can then 
ring close in presence of base, followed by decarboxylation, to give a mixture of 
racemic diastereoisomers 64 and 48 in the ratios of 4: 1 and 1: 1 from 63a and 63b 
respectively. 38 
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63a R= CO2Me, R 1 = Me 
63b R= COMe, R 1 = Et 
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Cyclization of a 60 : 40 mixture of diastereoisomers 65, obtained by 
amidoalkylation using tin(II) enolates, afforded 66 which was shown to be the sole 
product by 1 H NMR spectroscopy. 39 This selectivity could be a consequence of 
22 
repulsive steric interactions between the thiophenyl group and the pyrrolidinone in 
the transition state leading to the other isomer. Desulfuration followed by treatment 
with sodium methoxide afforded the thermodynamically more stable ester which was 
reduced to the homochiral hydroxymethyl derivative 67 (Scheme 28). Alternatively 
reduction and desulfuration of 66 gave the other diastereoisomer 68 (R= H) as a 
major compound in a 71 29 ratio. 
























The radical method involves tributyltin hydride cyclization of the 
pyrrolidinone 69, derived from L-glutamic acid, to afford the homochiral 
pyrrolizidinone 70 (AIBN/ AT) or 71 (hv/ EtI) in a highly stereoselective manner 
(de= 97%) (Scheme 29). °  Compound 71 was formed in the presence of iodoethane 
under the conditions previously reported. 3 The process could be extended to 
cyclization of silyl acetylene derivatives. 40'4 ' The 6,7-dehydropyrrolizidin-3-one thus 
23 
obtained could be further converted to 7-formylpyrrolizidin-3-one as a 
diastereoisomeric mixture (Scheme 30).41 
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A6. [7-7A] BOND FORMATION 
Most of the pyrrolizidin-3-one syntheses reported in this section involve 
cyclization of either acyl iminium ions or a-acylamino radicals. These can both be 
generated from precursors derived from N-substituted succinimides, which makes the 
route attractive. Numerous 7-substituted and a few 1 ,7-disubstituted pyrrolizidin-3-











(a) 	Acyl iminium ion cyclization 
Acyl iminium cations are easily generated from hydroxy or alkoxylactams, 
either under acidic conditions, or in neutral conditions via their mesylate derivatives 
(Scheme 31). They are then trapped by internal ir-nucleophiles - suitably 
functionalised acetylenes or olefins - to give either pyrrolizidinones or 
indolizidinones, depending on the substitution pattern. 
TO0 
HN( 
0 	 0 	 0 
Scheme 31 
For example Speckamp found that methyl acetylene 72 (R= Me) gave mainly 
the 6-endo product 73 (Scheme 32).42 
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72 
R= Me, Ph, SPh 
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In contrast phenylacetylenes (R= Ph) and phenylthioacetylenes (R= SPh) 
gave the 5-exo products 74 with complete regioselectivity.42d In this case the 
stereochemical outcome however was not particularly good, although isomerisation 
into the thermodynamically more stable isomer 74a was possible by basic treatment. 
Later Koizumi reported a long enantioselective synthesis of (+)-labumine 
using the chiral phenyithiolactam 75 as a precursor (made in 10 steps from 
maleimide and 10-mercaptoisoborneol). 43  Cyclization with formic acid proceeds 
with high diastereoselectivity from the less hindered face. Reduction of the thioester 
adduct followed by retro Diels-Alder reaction and hydrogenation gave the 
enantiomeric pure pyrrolizidin-3-one 67 precursor of (+)-laburnine (Scheme 33). 
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Intramolecular cyclizations with either propargyl- or allyl-silanes occur with 
complete regiocontrol, due to the n-effect of silicon, to give respectively the allene 
76 and the vinyl pyrrolizidinones 77 as the only isomer (Scheme 34). 
42ab  Ozonolysis 
of compound 77 can then afford the racemic aldehyde 78. The stereochemical course 
of the cyclization, which leads to the formation of the less thermodynamically stable 
diastereoisomer, could be controlled by the more stable chair-like transition state. 
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Chamberlin reported the regioselective acyl iminium cyclization of ketene 
dithioacetals. 44 It can be induced either by treatment with trifluoroacetic acid or 
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The cationic intermediate 79 has been trapped by ethanethiol to give 81 as a 
3 : 1 mixture of diastereoisomers. Further functionalisation of 80 gave rise to the 
thermodynamically more stable trans-pyrrolizidin-3 -ones 82 and 83 as single 
products (Scheme 36)." 6,7-Dehydropyrrolizin-3-ones have also be formed by 
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Scheme 36 
This methodology has been extended to the enantioselective synthesis of 86 
from the chiral precursor 84 (Scheme 37). The imide reduction was found to be 
regioselective and the cyclization exhibited high diastereoselectivity (de= 97%), the 
acetoxy group blocking one face, to give the key compound 85 in only 4 steps from 















Treatment of this intermediate with mercuric chloride in acidic alcohol gave the 
thermodynamically more stable isomer 86, precursor of (+)-hastanecine. Compound 
85 was also converted to six other saturated and unsaturated pyrrolizidine diols, in 
eight steps or fewer.44a 
Intramolecular cyclization of allylstannane derivatives 87 selectively afforded 
7-vinylpyrrolizidin-3-ones 88 which were further oxidised to the corresponding 
aldehydes (Scheme 38). Although the cyclization can be accomplished via a free 
radical process, the cationic pathway proved to be superior, giving in particular very 
high diastereoselectivity (de 2: 98%). The stereochemistry is probably controlled by 
the same features as in a previous example (Scheme 34). As with Chamberlin's 
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Scheme 38 
Choroalkenes react with acyl iminium ions to give a mixture of two 
geometric isomers which yield, by treatment with concentrated sulphuric acid, the 

















(b) 	a-Acylamino radical cyclization 
Most of the work reported in this section is due to Hart and his coworkers 
who extensively studied ct-acylamino radical cyclizations. 47 The radicals are 
generated by treatment of N-substituted-5-phenylthiopyrrolidin-2-ones in presence of 
tributyltin hydride with an initiator such as AIBN. 
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Radical cyclizations of the ethylene derivatives 90 yield a mixture of the 
pyrrolizidinones A and B, indolizidinones C and reduction products D (Scheme 40 
and Table 2)•47df  It is worth noting that the amount of D could be reduced or even 
eliminated by carrying out the reaction at higher dilution.47C 
R1 R2 A B C D 
H H 45 4 23 12 
Me H 42 5 22 13 
H Me 45 7 4 25 
Me Me 60 15 - 12 
H CHMeOAc 77 9 4 5 
H CH20Ac 39 9 11 5 
H CO2tBu 73 8 - - 
H CN 76 8 - - 
H 76 8 - - 
SiMe3 SPh 58 13 - 3 
Table 2- treatment of 90 with nBu3 SnI-I; product distribution and % yields 
The first notable feature of the reaction is its regiochemical course; in all 
cases the pyrrolizidinone formation (5-exo product) is favoured over that of the 
indolizidinone (6-endo product). This is thought to be due to steric effects which 
decrease the rate of the endo cyclization. A second feature is the relative consistency 
of the diastereo isomer ratios A to B observed (4 : 1 :5 A : B :! ~ 11: 1). This suggests 
that the stereochemical course of the exo cyclization process depends on geometrical 
rather than electronic factors, although the reasons for this selectivity are poorly 
understood. 
31 
From a synthetic point of view, the diastereomeric mixture of sulphides A 
and B (R 1 = SiMe3 , R2= SPh) was transformed into the corresponding aldehydes 78 
and 83 in moderate yield (30%). 47c More successfully, hydrolysis of the isolated 
pyrrolizidinone A (R 1 = H, R2= CH(Me)OAc) gave the alcohol analogues 91 which 
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Scheme 41 
An enantioselective synthesis of (-)-dihydroxyheliotridane has been carried 
out from the chiral precursor 93, derived from (S)-3-acetoxysuccinimide (Scheme 
42) . 47a After separation by column chromatography, the major cyclization product 
94 was oxidised to give two adducts which were converted to the diacetate 95, 
precursor of (-)-dihydroxyheliotridane. 
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Keck has shown that allyistannane derivatives gave, under radical conditions, 
pyrrolizidinones with good stereoselectivity (ratio 11 : 1) (Scheme 
43)•45  Ionic 
cyclization proved to be more efficient in that particular case (see Section A6a). 








ii) Acetylene derivatives 
Radical cyclization of acetylenes gives a mixture of pyrrolizidinones, 
indolizidinones and reduction products, the partition of which is greatly dependent on 
47be 
the terminal alkyne substituent. 	When it is a trimethylsilyl group, synthetic 
useful yields of pyrrolizidinones were produced as exemplified in Scheme 
4447e 


















A more elaborate enantioselective synthesis of disubstituted pyrrolizidinones 
96 and 97 was achieved by further functionalisation of the initial cyclized adduct 
(Scheme 45)47b However further elaboration of the unsaturation obtained at the 
cyclization stage did not allow a good stereoselectivity to be attained. 
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Scheme 46 
The synthesis of pyrrolizidinones by intramolecular carbenoid displacement 
of diazo-selenide and diazo-sulphide derivatives has been reported . 48 	The 
35 
mechanism involves the ylide intermediate 98 (Scheme 46). A 1 : 1 mixture of 
diastereoisomers was obtained after reduction of the cyclization products. 
The vinyl anion generated from the iodo derivative 99 cyclized to give the 
polar hydroxy compound 100 which, upon treatment with p-toluenesulfonic acid, 
afforded 1 ,2-dihydropyrrolizin-3 -one. 49 Hydrogenation then yielded the unsaturated 
perhydro structure 1 (Scheme 47). 
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A7. [7A-1] BOND FORMATION 
Cyclization of the acyl iminium ion derived from anodically prepared 
material 101 has been reported (Scheme 48). ° Demethoxycarbonylation under 
thermodynamic control gave a 4: 1 ratio of diastereo isomers 30. 
36 
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Ring closure can also be attained by intramolecular photoreduction of the cx-
ketoester 102 which can enolize in solution (Scheme 49)51  Irradiation in tert-butyl 
alcohol destabilized the enol form and consequently afforded 103, which can be 
dehydrated to 36 and hydrogenated stereoselectively to give, as reported 
elsewhere, 21,22  the cis-hexahydro derivative. 
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A8. [7A-4] BOND FORMATION 
Elofson and al. made the parent pyrrolizidinone 1 as part of their studies on 







It has been reported that the photochemical or peroxide initiated conversion 
of N-chloroazacyclooctan-2-one gave the transaimular product 104 in 75% yield, 
which then easily cyclised to 1 (Scheme 5 1).12 
Cl 
CaCO3 	 AgC104 
<::N (PhCO)202 CN
AT 	I 
U1 0 	or hv 
104 
Scheme 51 
B) PREPARATION OF PYRROLIZIDIN-3-ONES BY FORMATION OF 
TWO BONDS 
All the cyclizations reported in this section involve, in a common process, the 
formation of two bonds of the pyrrolizidin-3-one system. 
38 
Bi. [1-2;3-41 BOND FORMATION 
The dioxopyrrolizidine system 105 was prepared by condensation of ethyl 2-
pyrrolidylacetate and diethyl oxalate. 
53 It was then reduced, dehydrated and 
hydrogenated in a cis-manner to give stereospecifically cis- 1-




CIN H 	 + (CO2Et)2 AT No CN —0 
105 
0 è H2 
1:1 CO2Et 	 CO
2Et 
(:N 	




B2. [3-4;4-51 BOND FORMATION 
Tandem [4+2]/[3+2] cycloadditions of nitroalkenes allowed the synthesis of 
(-)-hastanecine; 54 cycloaddition of the nitroalkene 106 with a chiral vinyl ether (G*= 
1 S,2R-2-phenylcyclohexyl) gave with high selectivity the nitronate 107, which 
reacted with dimethyl maleate to afford the key compound 108 as a single 
diastereoisomer (Scheme 53). Hydrogenolysis under optimised conditions probably 
generates 109 which, after rearrangement, yielded the pyrrolizidinone 110 in 68% 
39 
yield after recrystallisation, and 97.7% enantiomeric purity. Deoxygenation then 
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B3. 13-4;7A-11 BOND FORMATION 
cx-Aminoalkyl radicals, generated by irradiation in the presence of 
anthraquinone or benzophenone, undergo regiospecific additions with a,3-
unsaturated esters. 55,56  Subsequent cyclization of the initial adduct yields the 
pyrrolizidinone ring system. In the case of unsubstituted pyrrolidine (lila) the 
nucleophilic conjugate addition products predominated, although their formation 
could be reduced by lowering the temperature (Scheme 54). 55b This problem could 
40 
be overcome by using N-substituted pyrrolidine ilib, but yields of 112 remained 
poor (:!~ 10%).55a  Addition of ilic to the butenolide 113 occurred in a stereospecific 
manner at the butenolide centre.  56  In situ conversion of the presumed photoadduct 
gave the optically active pyrrolizidinone 114 in 15% yield after purification by 
chromatography. 
ON I I + R' CO2Me hv 
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ilib R= -ally! 
ilic R=TMS 
R' 











114 R"= Me, TBDMS 
Scheme 54 
B4. [3-4;7A-4] BOND FORMATION 
Intramolecular nucleophilic attack of activated cyc!opropanes has been used 
to generate pyrrolizidinones. 57 For example heating of the precursor 115 in presence 
of base gave the 2-ester derivative 116 via a non isolated pyrrolidine intermediate 
(Scheme 55)•57 Decarboxylation then afforded the parent compound 1. The 
methodology was then applied to the synthesis of racemic 1-substituted and 1,7-
disubstituted pyrrolizidin-3-ones with high selectivity. In all cases the amines, 
41 
released upon treatment of phthalimido precursors with excess hydrazine, opened the 
activated cyclopropane rings with complete inversion of configuration. This 
eventually provided after decarboxylation the hydroxymethyl compounds 118a and 
118b, respectively from 117a and 117b (Scheme 56). 
57b Extension to the 
disubstituted series provided the dihydroxy derivatives 120a and 120b (R'= H) and 
their diacetates (R'= Ac), respectively from 119a and 119b (Scheme 57). 
57a 
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Scheme 57 
The tandem cyclization of the amine derived from the nitro compound 121 
has been reported to give the two diastereoisomers 122 as a 2 : 1 mixture (Scheme 



















A base-catalysed one pot reaction named as 'crisscross annulation' provided 
the pyrrolizidinone 124, in one step from the cyclopentanedione derivative 123, by 
the mechanism shown in Scheme 59. 
59 Stereoselective hydrogenation of 124 
afforded 7-methylpyrrolizidin-3-ofle 125. 
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The two rings of the pyrrolizidinone system can be made in one step by 1,4-
intramolecular addition of an amide onto a diene via a t-a11yl intermediate (Scheme 
60).60 These reactions were carried out in the presence of a palladium(II) catalyst 
and copper(II) as a reoxidant agent. Hydrogenation of the resulting 
dehydropyrrolizidinone 126 (R= Me) afforded 125 as a single diastereoisomer. 
44 
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B6. 14-5;7A-71 BOND FORMATION 
Intermolecular nucleophilic ring opening of the cyclopropanes 127 by sodium 
succinimide, followed by intramolecular Wittig reaction generated the 
dehydropyrrolizidinones 128 (R= Me, Et) (Scheme 61).6162  These were then 
hydrogenated selectively to the cis-perhydro compound 48. 
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C) PREPARATION OF PYRROLIZIDIN-3-ONES BY FORMATION OF 
THREE BONDS 
Hart made a few pyrrolizidin-3-ones by using the aza-Cope rearrangement of 
acyliminiurn ions, followed by stereoselective cyclization. 63 For example compound 
129 in formic acid gave a mixture of pyrrolizidinones 130 and indolizidinone 131 by 
the mechanism shown (Scheme 62). The formation of the alcohol derivative 130b 
could be completed by saponification of 130a. Degradation of the hydroxypropyl 
group then provided the racemic 7-substituted pyrrolizidinones 132 and 133.63c 
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The method was applied to the enantioselective synthesis of the 1,7-
disubstituted derivative 135, by cyclization of 134 derived from (R)-acetoxysuccinic 
anhydride (Scheme 63ab  
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RESULTS AND DISCUSSION 
48 
PREAMBLE 
Many of the pyrrolizidinones mentioned in the previous section have been 
reduced to the pyrrolizidine system, the central common moiety of numerous 
saturated pyrrolizidine alkaloids.' One of the principal aims of the work reported in 
this thesis is to develop stereoselective routes to the pyrrolizidin-3-one system (and 







Pyrrolizin-3-ones are known to be easily reduced to the corresponding 1,2-dihydro 
compound under mild catalytic hydrogenation conditions. 
64-67 Two reports also 
indicate that hydrogenation of the pyrrole ring can be achieved to give the fully 
saturated system. 49,67 Prior to a wider study of hydrogenation (Section B), synthetic 
routes to appropriate substituted pyrrolizin-3-ones were developed and this work is 
reported in Section A. A number of pyrrolizidine alkaloids have a 1,2-double bond, 
and a protecting group strategy for this site was investigated using cycloaddition 
reactions of pyrrolizinones (Section Q. The remaining two sections of this thesis 
are not directly connected to the synthesis of pyrrolizidines. Section D deals with a 
key feature of pyrrolizin-3-one chemistry, viz the ring opening of the lactam 
functionality under basic conditions. Finally in Section E are reported a number of 
new reactions of pyrrolizin-3-ones. 
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A) FORMATION OF PYRROLIZIN-3-ONES 
Al. SCOPE OF FORMATION OF PYRROLIZIN-3-ONES FROM 
PYRROLE-2-CARBOXALDEHYDES 
(a) 	Introduction 
The synthesis of pyrrolizin-3-ones has previously been reviewed; 68'69 
numerous monosubstituted pyrrolizin-3-ones and the unsubstituted parent compound 
have been efficiently prepared by Flash Vacuum Pyrolysis (FVP), ie. pyrolysis in gas 
phase at low pressure, of either pyrrol-2-ylmethylidene Meldrum's acid derivatives 
or 3-(pyrrol-2-yl)propenoic esters. 70 
The technique of Flash Vacuum Pyrolysis involves the vaporisation under 
vacuum (0.001:!~ P:!~ 0.01 Ton) of a substrate from an inlet tube into a furnace, 
maintained at a constant temperature (300:! ~ T:!~ 1000 °C), where the reaction occurs. 
The products are collected at the exit point of the furnace into a trap cooled in liquid 
nitrogen (Figure 3). Under these conditions the material has a very short contact time 
in the hot zone (estimated to be at 10-20 ms), which generally results in 
intramolecular reactions being observed. The products then formed are trapped free 
of reagents and solvents, other than the ones generated in the pyrolysis, which means 
that sensitive compounds can be isolated, and the work-up for more stable 
compounds is very easy (often a simple distillation or recrystallisation). The 
technique of FVP is also applicable on a preparative scale, routinely on a few grams. 
The main limitations are the involatility of some compounds and the associated 
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Figure 3 - Flash Vacuum Pyrolysis Apparatus 
The first route to pyrrolizin-3-ones by FVP involves pyrolysis of 138, the 
Knoevenagel condensation product of a pyrrole-2-carboxaldehyde with 2,2-dimethyl-
1,3-dioxan-4,6-dione (Meidrum's acid) 136 (Scheme 64). A range of 3-substituted 
pyrrole-2-carboxaldehydes (R 3= Me, OMe, CH20Ac) could be prepared by the 
photochemical ring contraction of 4-substituted pyridine-N-oxides. 7 ' 4- or 5- 
Monosubstituted pyrrole-2-carboxaldehydes (R 4= Br; R5= CO2Et) were prepared by 
Vilsmeier reactions. Condensation of Meidrum's acid with 2-acetylpyrrole was also 
possible to provide 138 (R2 Me) although in moderate yield. Alternatively some 
Meidrum's acid derivatives could be prepared directly from substituted pyrroles with 
methoxymethylidene Meldrum's acid 137, with substituents at different positions 
(R3= Ph, R4= Ph, R5= Me, Ph). FVP of compounds 138 at Ca. 600 °C afforded the 
corresponding monosubstituted pyrrolizin-3-ones (R'= Me; R 5= Me, Ph, CO2Et; R6= 
Br, Ph; R7= Me, Ph, CH20Ac, OMe), generally in good yield and high purity 
(Scheme 65). 
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The mechanism initially involves the formation of a methylene ketene 
accompanied by a loss of acetone and carbon dioxide. The intermediate then 
undergoes a [1 ,7]-H shift followed by ring closure onto the pyrrole nitrogen (Scheme 
66). Because of this necessary hydrogen shift, no pyrrolizin-3-one substituted at the 
2-position can be prepared by the Meidrum's acid methodology. A useful 
complementary route, which overcomes this problem, involves FVP of 3-(pyrrol-2-
yl)propenoic esters 139. These precursors were prepared from pyrrole-2-
carboxaldehyde by either Wittig reaction or Knoevenagel condensation. FVP then 
affords the corresponding 2-substituted pyrrolizin-3-ones (R 2 Me, CN, COMe, 
CO2Me, CO2Et) (Scheme 67). The mechanism occurs via (E)/(Z) isomerisation, if 
52 
necessary, with elimination of alcohol from the required (Z)-configuration (Scheme 
66). This generates the same intermediate as before which then yields the products. 
Higher furnace temperatures of Ca. 800-850 °C, instead of the usual 650 °C 
temperature, may be required to allow this isomerisation to take place. 
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Scheme 67 
Easy access to a wide range of 2-, 5-, 6- and 7-monosubstituted pyrrolizin-3-
ones is therefore possible by one or the other of these two methods, from simple 
53 
substituted pyrroles and/or pyrrole-2-carboxaldehydes. The main limitation to the 
methodology is the introduction of a substituent at the 1-position; 1-
methylpyrrolizin-3-one is the only example of this type made by FVP until now. 
(b) 	Preparation of pvrrole-2-carboxaldehydes 
The synthesis of 7-substituted pyrrolizin-3 -ones requires 3-substituted 
pyrrole-2-carboxaldehydes as precursors, which were prepared by using the unusual 
but general photolytic rearrangement of 4-substituted pyridine-N-oxides reported by 
Bellamy and Streith. 7 ' These were either directly purchased or prepared by oxidation 
of the corresponding pyridine with acetic acid/ hydrogen peroxide. 72  Irradiation of 
the pyridine-N-oxide in aqueous copper(II) sulfate solution for 6-7 h over a 400 W 
mercury lamp, followed by dry flash chromatography of the residues, afforded 
compounds 140-143 in 21-35% yields after optimisation (Table 3). The yields of the 
reaction seem to be dependent on the initial concentration of starting material, too 
high or too low loadings resulting in lower yields. In some cases it was found more 





Product R Yield 
140 Me 35% 
141 OMe 23% 
142 CH20Ac 21% 
143 CO2Me 24% 
Table 3 - Preparation of 3-substituted pyrrole- 
2-carboxaldehydes 
54 
The X-ray structure determination of the highly crystalline aldehyde 143 was 
obtained to study the electronic effects of the electron withdrawing group, adjacent to 
the aldehyde, on the geometry of the pyrrole ring. As with other compounds 140-142 
whose structures have also been reported, 
73 the substituents have a minimal effect on 
the pyrrole structure (Figure 4 and Table 4). The only slightly significant difference 
is the bond lengths N(1)-C(2) and C(2)-C(6) which are respectively shorter and 
longer than its analogues 140-142, as a consequence of a stronger delocalisation of 
the nitrogen lone pair into the 2-ester substituent. 
4-Substituted pyrrole-2-carboxaldehydes, precursors of 6-substituted 
pyrrolizin-3-ones, were directly synthesised from pyrrole by a modified Vilsmeier-
Haack reaction found in the literature. 
74 The iminum salt intermediate 144 was 
prepared in situ using oxalyl chloride and dimethylformamide in 1 ,2-dichloroethane 
(Scheme 68). Subsequent electrophilic attack in presence of aluminium chloride 
followed by the usual hydrolytic work-up then gave the 4-substituted pyrrole-2-
carboxaldehydes 145 and 146. 
+ 
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Table 4 - Bond lengths (A), angles ( O)  and torsion angles ( O) of 143 













































(c) 	Preparation of Meidrum's acid and propenoic acid ester derivatives 
All the Meidrum's acid precursors 147-152 were prepared in good yield by 
Knoevenagel condensation of pyrrole-2-carboxaldehydes and Meidrum's acid in 
toluene using piperidinium acetate as a catalyst, and purified by recrystallisation 
(Table 5). The derivative 153 was obtained in lower yield from 2-acetylpyrrole using 
titanium tetrachloride as a complexing agent in presence of pyridine. 
R' 	0 R> j 
/ 
H° 0  
Product Substituents Yield 
147 R3= Me, R2 =R4= H 77% 
148 R3= 0Me, R2 =R4= H 72% 
149 R3= CH20Ac, R2 = R4= H 63% 
150 R3=CO2Me,R2 =R4=H 83% 
151 R4= COMe, R2 =R3 = H 89% 
152 R4= CO2Me, R2 =R3= H 68% 
153 R2 = Me, R3=R4=H 57% 
Table 5 - Preparation of 2,2-dimethyl- 1 ,3-dioxan- 
4,6-dione derivatives 138 
The propenoic acid esters 154-155 (which can replace 147 and 149 for the 
next synthetic step) and 156 were made by Wittig reaction of 
alkylidenephosphoranes with pyrrole-2-carboxaldehydes in refluxing toluene, while 
the precursor 157 was obtained by condensation with dimethyl malonate using the 
piperidinium acetate catalyst (Table 6). The Wittig reactions gave the two geometric 
isomers which were separated by dry flash chromatography. The major product is 
the (E)-isomer easily distinguishable from the (Z)-isomer by 'H NMR spectroscopy; 
58 
the N-H signal of the later appears at higher frequency (6H=  12.0-12.5 ppm against 
8.5-9.0 ppm) because of hydrogen bonding (see Section A3a). The derivative 158 
was also synthesised by Wittig reaction of pyrrole-2-carboxaldehyde with methyl 4- 
(tripheny1phosphoranylidene)but-2-enoate. 7 
Product Substituents Yield E/Z ratio 
154 R3= Me, R2 =H 98% 89:11 
155 R3=CH2OAc,R2 =H 68% 84:16 
156 R2 = Me, R3=H 99% 96:4 





(R= Me, Et) 
Table 6 - Preparation of propenoic acid ester derivatives 139 
CO2Me 
H158  
An initial attempt to synthesise 155 by the Wadsworth-Emmons procedure 
using the phosphonate acetate 159 in methanolic solution of sodium methoxide 
resulted in the formation of 160 (Scheme 69). This results shows that, in addition to 
the normal condensation reaction, an alkyl-oxygen fission occurred with nucleophilic 
displacement of the acetate group by the methoxide anion. This was confirmed by 
reacting the expected condensation product 155 with sodium methoxide. Even under 
milder conditions, potassium carbonate/ methanol at room temperature, the methoxy 
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This process might possibly be a base-catalysed unimolecular nucleophilic 
substitution; the initially formed carbocation 161 is stabilised by delocalisation of the 
pyrrole nitrogen lone-pair and could be subsequently attacked by a nucleophile to 
give the product (Scheme 70). 
Scheme 70 
Similarly an hydroxy displacement was observed when treating 155 with 
dilute sodium hydroxide, while no reaction occurred using potassium carbonate/ 
water or Hunig base/ water conditions. The hydroxy derivative 162 could be isolated 
after column chromatography in low yield along with a product tentatively identified 
as 163 by mass spectrometry and 1 H NMR spectroscopy (Scheme 71). No more data 
were collected due to early product decomposition. The unsymmetrical proposed 
structure was supported by the presence of two different sets of trans-alkene protons 
60 
and by the fact that the two methylene groups present have different chemical shifts, 
4.60 and 3.90 ppm, probably corresponding to positions respectively adjacent to an 
oxygen and a nitrogen atom. The mass spectrum shows a breakdown of 18 from the 
molecular ion, which also seems to support the presence of an hydroxy group in the 
molecule. The formation of 163 could be the result of a nucleophilic displacement of 
the initial acetate group of 155 by the newly formed pyrrole 162, most probably via 
the pyrrole nitrogen atom. More evidence for this type of process has been observed 
elsewhere (see Section B3c). A single attempt to hydrolyse the acetate group of the 
pyrrolizin-3-one derivative 164 under dilute acidic conditions failed; it has been 
previously reported but under basic conditions, which also resulted in ring opening of 
the bicycle. 69,76  
CH2OH 
NaOH 	 CO2Me 













(d) 	Flash Vacuum Pyrolysis 
The following monosubstituted pyrrolizin-3-ones 164-176 were synthesised 
as reported in Section Ala by Flash Vacuum Pyrolysis of pyrrol-2-ylmethylidene 
Meidrum's acid derivatives or 3-(Dyrrol-2-yl)propenoic esters (Table 7). For 
pyrrolizin-3 -ones bearing electron-withdrawing groups a useful precaution consists 
of avoiding wet and alcoholic solvents during the work-up (see Section D). With 
167 and 168 in particular the methanol produced during the FVP should be distilled 
before isolating the product. 
Substrate Product Substituent Furnace Temp. Yield 
138 165 1-Me 650°C 95% 
139 166 2-Me 800°C 33% 
139 167 2-CN 800 °C 64% 
139 168 2-CO2Me 650°C 91% 
138 169 5-Me 600°C 71% 
138 170 5-CO2Et 570°C 62% 
138 171 6-Br 600°C 82% 
138 172 6-COMe 650 °C 73% 
138 173 6-CO2Me 650 °C 88% 
138 174 7-Me 620 °C 9670 
139 174 7-Me 810°C 69% 
138 175 7-OMe 620 °C 37% 
138 176 7-CO2Me 620°C 81% 
138 164 7-CH2OAc 620 °C 92% 
Table 7 - Pyrrolizin-3-ones obtained by FVP of derivatives 138 and 139 
62 
Yields after purification are generally over 60% except for the 7-methoxy derivative 
175 in which case the yield was consistently lower. The 2-methyl compound 166 has 
'o 	70 been obtained in better yields (> 8u /o). 
FVP of methyl (E)-3-(3-methoxypynol-2-yl)propenoate 160 was attempted 
on a small scale at 820 °C but no resonances could be identifiable on the 1 H NMR 
spectrum of the crude pyrolysate. Extension of the methodology to the pentenedioate 
ester derivative 158 was also unsuccessful; FVP at 600 °C gave only recovered 
starting material (by tic) whereas at 700 °C the pyrolysate obtained was a complex 
mixture from which only pyrrole could be identifiable from its hII  NMR spectrum. 
No trace of azaazulenone 177, previously detected from FVP of 178,70  was present 
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A2. SCOPE OF FORMATION OF PYRROLIZIN-3-ONES FROM 
PYRROL-2-YLGLYOXYLIC ACID DERIVATIVES 
Synthesis of 1-substituted pyrrolizin-3-ones by the two main FVP routes 
previously described requires a ketone derivative as a precursor before the 
condensation step, instead of the usual pyrrole-2-carboxaldehydes. The main 
limitation was the expected lower reactivity of the ketone as observed with the 
63 
synthesis leading to the 1-methyl derivative 165 from 2-acetylpyrrole; the formation 
of the Meidrum's acid derivative 153 could only be achieved using harsh conditions. 
The alternative propenoate ester was formed in poor yield using the normal 
phosphorane Wittig reagent. 
65 Similarly no reaction after 3 days was observed when 
the phosphonate ester derivative (Wadsworth-Emmons reagent) was refluxed in a 
solution of sodium methoxide. A pyrrol-2-ylglyoxylic acid derivative was thought 
likely to overcome such lack of reactivity towards these condensation reactions, due 
to the electron withdrawing group adjacent to the carbonyl. Indeed the formation of 
1 -ethoxycarbonyl-3H-pyrrolizine has been previously accomplished by a similar 
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(a) 	Preparation of pyrrol-2-ylglyoxylic acid derivatives 
The formation of pyrrol-2-ylglyoxylic acid derivatives has previously been 
reported in the literature. 
77,78 Addition of pyrrole to an ethereal solution of oxalyl 
chloride maintained at -78 °C generated pyrrol-2-ylglyoxylyl choride which could be 
quenched with the appropriate nucleophile (methanol, ammonia, dimethylamine) to 
respectively afford the derivatives 179-181 (Table 8). 
64 
I", el'4 ' 
Product R Yield 
179 CO2Me 57% 
180 CONH, 70% 
181 CONMe2 70% 
Table 8 - Preparation of pyrroi-2-yl 
glyoxylic acid derivatives 138 
Pyrrol-2-ylglyoxylic acid 182 can similarly be synthesised using an aqueous 
quench. 78a  We first tried to make 179 by esterifying this acid; unfortunately 0-
methylation was also accompanied by N-methylation and methyl 1 -methylpyrrol-2-
ylglyoxylate 183 was formed in addition to unreacted starting material (Scheme 73). 
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Scheme 73 
A single attempt to make the hydroxymethyl 184 by reduction of the ester 
derivative 179 failed, both carbonyl groups being reduced to give instead 2-(pyrrol-2-










Since work on dehydration of amides by FVP to make the corresponding 
cyano compounds is being currently developed , 79 180 was pyrolysed over 3A 
molecular sieves but only pyrrole was formed. 
(b) 	Preparation of propenoic acid ester derivatives 
The compounds 185-188 were obtained by Wittig reaction of the pyrrol-2-
ylglyoxylic acid derivatives 179-181 and the (E)- and (Z)-isomers were separated by 
dry flash chromatography (Scheme 75 and Table 9). The two isomers of 185 can 
alternatively be obtained by a Michael-type reaction of pyrrole with dimethyl 








R e  C0R" 
Scheme 75 
Product R R' R" Yield E/Z ratio 
185 CO2Me H Me 64% 77 : 23 
186 CO2Me Me Et 43% 8 : 92 
187 CONH2 H Me 33% 100 : 0 
188 CONMe2 H Me 59% 75 	25 
Table 9 - Preparation of propenoic acid ester derivatives 
Except for 186 the major products of the reaction are the (E)-isomers, 
identified by the high chemical shift of their pyrrole N-H proton (see Section A3a). 
66 
In addition an NOE experiment on -the alkene proton of 187 gave no enhancement 
whereas in the (Z)-isomer of 185 an enhancement of both pyrrole protons H 1 or H3 
was observed (see Section A3a). These results differ from those obtained by 
condensation with pyrrole-2-carboxaldehydes for which the - other isomer was 
predominant. This is due to the addition of a second substituent at the 3-position of 
the propenoate ester which may, in the (Z)-configuration, create unfavourable steric 
interactions with the ester group. A more favourable interaction of the ester with the 
pyrrole group by hydrogen bonding then takes place instead. The introduction of an 
extra methyl group as in 186 adds another interaction which also affects the (E)/(Z) 
distribution. - 
An initial attempt to carry out the Wittig reaction on pyrrol-2-ylglyoxylic acid 
182 provided after chromatography a single compound whose analytical data (NMR 
spectroscopy and mass spectrometry) fits with one of the structures 192. Its 
formation can be rationalised as shown in Scheme 76; the (Z)-isomer 189 is formed 
initially and subsequent cyclization affords the maleic anhydride derivative 191. The 
first step is supported by the fact that the same product is obtained when the diacid 
190 is submitted to the same experimental conditions. Reaction of 191 with a second 
molecule of the phosphorane - Wittig reagents are known to react with anhydrides 
80 
- 
would then give the isolated adduct. 
Due to two carbonyl centres in the anhydride 191 ((x and 3) and the 
possibility of (E)/(Z) isomers being formed, four structures 192A-D are possible. 
NOE experiments were performed on the adduct (Figure 5).. It allowed us to assign 
unequivocally the hydrogen atoms of the pyrrole ring. In addition an enhancement is 
observed between only one of the two alkene protons and both pyrrole protons H 1 




information therefore exclude the structures 192A and 192C. On the other hand it 
has been reported that the regioselectivity of the condensation of phosphoranes with 
maleic anhydride seems to be controlled by the steric effect of the substituents. For 
example with phenylmaleic anhydride the reaction occurred entirely at the - 
carbonyl group. 
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Figure 5- NOE results (%) on 192 
In the Wittig reaction of the amide derivative 180 no (Z)-isomer was formed; 
instead a trace of a derivative, analogous to 192 but in the maleimide series, was 
isolated. No NOE experiment was performed to try and elucidate its structure, which 
is isomeric with 193. 
0 




(c) 	Flash Vacuum Pyrolysis 
Flash Vacuum Pyrolysis of the amide precursor 187 (R= H) at 700 °C gave 
predominantly the maleimide 194 with a small amount of the pyrrolizin-3-one 195 
(Scheme 77). The two compounds have same molecular weight but are clearly 
distinguishable by 'H NMR spectrometry; the aromatic proton peaks of 194 show 
high multiplicity common to monosustituted pyrroles (each heteroaromatic proton 
69 
being coupled to the other two as well as the N-H proton), while those of 195 have 
the usual doublet-triplet-doublet pattern of pyrrolizin-3 -ones  82  with some unresolved 
fine coupling constants. This result implies that (E)/(Z) isomerisation occurs at that 
temperature and subsequent ring closure is favoured onto the amino group. With the 
dimethylamido derivative 188 this competitive reaction cannot occur and, at 650°C 
ring closure takes place at the pyrrole nitrogen to give the pyrrolizinone 196 as the 
major product. Some unsubstituted pyrrolizin-3-one 197 was also formed as well as 
the degradation product 198. The ratio of these by-products increased when the FVP 
was performed at a higher temperature. Bulb-to-bulb distillation of the reaction 
mixture afforded pure 196, but in only 17% yield, which indicates that some thermal 
degradation occurred. It is however stable for weeks at room temperature in 
chloroform as is its unsubstituted amido analogue, by opposition to the methyl ester 
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Scheme 77 
70 
FVP at 625 °C of the diester 186 gave in 73% yield the disubstituted 
pyrrolizin-3-one 199 as the major product, along with some unidentified minor 
products. The impurities could not be removed by distillation at 110-120 °C, though 
199 showed no thermal degradation under these conditions; the pyrrolizinone 199 is 
also perfectly stable in solution for at least a month (Scheme 78). Under similar 
conditions 1 -methoxycarbonylpyrrolizin-3 -one dimerises (see Section A3b). 
CO2Me 	 CO2Me 
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Scheme 78 
A3. MECHANISM AND SCOPE OF FORMATION OF 1-
ALKOXYCARBONYLPYRROLIZIN-3-ONES 
(a) 	Preparation of dialkyl pyrrol-2-y1but-2-enedioate 
The diesters 185 and 200 can be prepared by the literature method, 83b  by 
reacting pyrrole with the appropriate dialkyl acetylenedicarboxylate in absence of 
solvents (Scheme 79). The dimethyl ester 185 was synthesised in 64% yield as a 56 
44 ratio of (E)- and (Z)-isomers after purification by chromatography on silica. The 
method is more direct than the route previously described (see Section A2b) via 
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Scheme 79 
The structure and stereochemistry of numerous Michael-type adducts, 
obtained by addition of pyrroles to dimethyl acetylenedicarboxylate has been studied 
in detail by Noland and Lee. 83a Their interpretation was mainly based on the 
difference of chemical shift of the vinyl proton between the (E)- and the (Z)-isomers; 
empirical calculations gave 8H(E)> 6H(Z). This works well for N-substituted pyrrole 
derivatives for which the difference is often more than 1.0 ppm. However this is not 
true with N-unsubstituted pyrroles as other factors due to N-H proton have to be 
taken into account. 
Previous work has shown than in esters of 3-(pyrrol-2-yl)- and 3-(imidazol-4-
yl)-propenoic acid the (E)- or (Z)-configuration was best assigned by the N-H proton 
chemical shift, which is strongly deshielded in the (Z)-configuration by more than 2.0 
ppm, probably because of hydrogen bonding between the N-H proton and the ester 
group. This was supported by the difference of coupling constants existing in each 
isomer between the two vinyl protons (3J(E) >3J) as well as X-ray structures. 69,84 
Table 10 shows the proton chemical shifts of H 7 and the pyrrole N-H proton 
of a variety of pyrrol-2-ylpropenoic acid ester derivatives synthesised during the 
course of this study, which can exist under both configurations 139A and 139B. In 
most cases the assignment of geometry was confirmed by NMR spectroscopy, NOE 
72 
experiments or simple examination of coupling constants between the two vinyl 
protons in the case R'= H (3Jtran > 3 ')• In the configuration 139B, the N-H proton 
has a characteristic chemical shift of 12.13-12.75 ppm, which significantly appears at 
higher frequency than the corresponding NH proton in 139A (,= 8.78-9.44 ppm). 
This higher chemical shift found in 139B is a consequence of intramolecular 
hydrogen bonding between the N-H proton and the carbon-oxygen double bond of 









Substrate R R' 139A(NH) 139A(H7) 8139B(NFI) 8139B(H7) 
154 Me H 8.97a 593 a 12 . 13a 5 .48a 
155 CH20Ac H 8.86a 
599a 12 . 33a 5 . 61a 
160 CH20Me H 8 . 92a 5 . 96a - - 
162 CH20H H 8 . 78a 5 . 96a - - 
185 H CO2Me 914b,c 
599b,c 12.50 5.96 
187 H CONH2 - 
- 1244b 568b 
188 H CONMe2 9.44 6.00 12.49 5.49 
200 H CO2Et - 
- 1261 d 593 d 
201 CO2Me H I 	 - - 12.75a 579a 
Table 10 - Selected 'H NIvIR data of 139A-B - a) stereochemistry based on 3 JH7-R'=H 
coupling constants - b) stereochemistry confirmed by NOB - c) stereochemistry 
confirmed by X-ray - d) diethyl butenedioate derivative obtained by ring opening of 
the pyrrolizinone ring system (see Section D) 
73 
chemical shift of the vinyl proton H 7 in the derivatives 139B [5.70 ppm (± 0.26 
ppm)] is slightly slightly shielded relatively to the isomers 139A [5.97 ppm (± 0.03 
ppm)]. 
For the particular case of the dimethyl butenedioate 185 (R= H, R'= CO2Me), 
although the two N-H proton chemical shifts are again significantly different, the 
assignment of configuration could be complicated by possible hydrogen bonding 
with the second ester group introduced, as raised by Noland and Lee. The difference 
of chemical shift of H 7 between the two isomers is very low (0.03 ppm), which could 
be explained by a high frequency shift of H 7 in the configuration 139B (relative to 
derivatives of same configuration) because of the additional magnetic anisotropy of 
the second ester group R' cis to H7 . To prove this assignment an X-ray structure 
determination of the crystalline isomer 185 with the lowest N-H chemical shift - 
previously assigned as the (E)-isomer 83  was done. It has unequivocally the (Z)-
configuration 139A (Figure 6 and Table 11). The main feature is the quasi planarity 
of the pyrrole along with the propenoate ester [the angle between the plane formed by 
the atoms N(1)-C(2)-C(3)-C(4)-C(5)-C(6)-C(7)-C(8) and the plane C(8)-0(8)-
C(8M)-0(8M) is just 5 0]  while the other ester C(9)-0(9)-C(9M)-0(9M) is situated 
in a plane at 82.16 0  relative to the previous pyrrole propenoate ester plane. This also 
rules out any hydrogen bonding with this ester which was thought to exist. 83a  The 
planarity of the system allows a delocalisation of the pyrrole nitrogen lone pair into 
the propenoate ester chain, apparent from the absence of clear substantial bond 
alternation in the pyrrole ring itself. As a consequence the ester C(7)-C(8) bond 
[1.459 (2) A] is much shorter than the corresponding C(6)-C(9) bond [1.500 (2) A] in 
the other electronically isolated ester. The structure of (E)-pyrrol-2-ylpropenoate 
(139A; R= R'= H) has previously been reported. 84  Consistent trend in a number of 
74 
P1 
Figure 6 - Plot of (Z)-185 with crystallographic numbering system and side-view 
75 




































parameters suggests that the degree of delocalisation is slightly greater in 185; for 
example in 185 the bonds N(1)-C(5) [1.358 (2) A] and C(4)-C(5) [1.362 (2) A] are 
respectively shorter and longer than in the (E)-isomer { N(1)-C(5) [1.376 (10) A] and 
C(4)-C(5) [1.349 (11) A]}. In the solid state the conformation around C(2)-C(6) is 
(sE). In solution this conformation is also the predominant one as shown by large 
NOE enhancements between H 1 and H7 (Figure 7). The weaker enhancements 
between H 3 and H7 suggest that a certain degree of rotation around C(2)-C(6) exits 
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Figure 7 - NOE results (%) on dimethyl (Z)-3-(pyrrol-2-yl)but-2-enedioate 185 
Consequently all the assignments made by Noland and Lee 83a  concerning the 
stereochemistry of N-unsubstituted dimethyl 3 -(pyrrol-2-yl)but-2-enedioate 
derivatives have to be reversed. 
(b) 	Pyrolysis of dimethyl pyrrol-2-ylbut-2-enedioate; mechanism of 
formation and dimerisation of 1-methoxycarbonylpyrrohzin-3-one 
Flash Vacuum Pyrolysis of dimethyl (E)- or (Z)-pyrrol-2-ylbut-2-enedioate 
185 at 700 °C afforded some unexpected results. 85  When the FVP products were 
trapped at low temperature (-30 to -20 °C) by deuteriated chloroform, the expected 
77 
pyrrolizinone 202, of characteristic bright red colour (pyrrolizin-3-ones are intensely 
coloured 68), was obtained (Scheme 80). This was confirmed by low temperature 1 H 
and ' 3C NMR spectroscopy. However when the FVP products were warmed up at 
room temperature without any special precautions, the pyrolysate 'H NMR spectrum 
showed a complex mixture. Dry flash chromatography allowed isolation in 66% 
yield of two colourless crystalline products in a 2 : 1 ratio, which were shown to be 
symmetrical [2+2] dimers of 202 by X-ray crystallography. They both have the 
head-to-head configuration, the major one 204 being trans with respect to the 
bridging cyclobutane ring (Figure 8 and Table 12) and the minor one 205 being cis 
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Scheme 80 
Both compounds are highly symmetrical which prevents routine NMR 
techniques from differentiating equivalent protons or carbons of each monomer unit. 
In an early (unsuccessful) attempt to deduce the structure of the dimers the long 
range 2Jc(2)H coupling constants in the cyclobutane rings were measured and found 
78 
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C(1E' )-C(1' )-C(2') 118.84(12) 
C(7A' )-C(1' )-C(1) 115.67(12) 





0(3' )-C(3' )-N(4') 125.36(14) 
0(3' )-C(3' )-C(2') 128.48(14) 























































































































C(7A' )-C(1' )-C(1E') 
C(7A' )-C(1' )-C(2') 























C(7A' )-C(1' )-C(1) 
C(1E' )-C(1' )-C(1) 
C(2')-C(1') -C(l) 
C(3' )-C(2' )-C(1') 
C(3 )-C(2')C(2) 
C(1' )-C(2' )-C(2) 
0(3' )-C(3' )-N(4') 
11(4' )-C(3' )-C(2') 
C(51)-N(4')C(3') 
)-N(4' )-C(7A') 
C(3' )-N(4' )-C(7A') 
)-C(5')N(4') 
C(5')C(6')C(7') 
C(7A' )-C(7' )-C(6') 
)-C(7A' )-N(4') 
C(7' )-C(7A' )-C(1') 
11(4' )-C(7A' )-C(1') 
0(1E' )_C(1E')0(2B') 
0(1E' )-C(1E')C(l') 
0(2E' )-C(1E' )-C(1') 
C(1E' )-0(2E' )-C(3E') 
84 
to be 4.4 and 5.4 Hz, respectively for the compounds 204 and 205; in unsubstituted 
cyclobutane the value of 2 C..H is 3.5 Hz (5.7 Hz for 3 Jc-H)• 
86 The structural 
parameters of the dihydropyrrolizinone subunits in both compounds are similar to 
those observed in the parent system; 
87  C(1)-C(2) and C(1 ')-C(2') are unaffected by 
the bridging ring. The angle between the cyclobutane average plane and each of the 
two flat monomer subunits has a similar value of around 66 in the trans-dimer. The 
cyclobutanes are slightly distorted in order to accommodate the two ester substituents 
on -two neighbouring carbon atoms; the bond lengths linking the two monomers, 
C(l)-C1') in particular [1.617 (2) A in 204; 1.613 (3) A in 205], are longer than the 
average bond lengths of cyclobutanes [1.554 (21) A].88 As a result the cyclobutane 
angles observed in the trans-isomer at C(1) and C(1') [89.01 (10) and 89.21 (10) 
respectively] are smaller than at the other two positions C(2) and C(2') [90.76 (11) 
and 90.74 (10) 0].  In the cyclobutane ring of the cis-isomer, the main differences 
observed are the small angle at C(l) [87.6 (2) 0]  and that at C(2) is consequently 
larger [91.6 (2) 0],  the other two having average values [90.2 (2) 0  and 90.0 (2) 
0]. 
The sole noticeable major disymmetry in those two rather symmetrical structures is 
the respective orientation taken by the two ester carbon-oxygen double bonds; in 
both 204 and 205 they point in opposite directions. 
Dimerisation of the monomer 202 at room temperature in deuteriated 
chloroform was found to be complete within two days by 'H NMR spectroscopy, 
while 202 could be stored unchanged for a few days in dilute solution at -20 °C. This 
spontaneous dimerisation is completely unprecedented in pyrrolizin-3-one chemistry; 
pyrrolizinones bearing ester substituents at any of the remaining 2-, 5-, 6- or 7-
position are known7O8991  and are perfectly stable. However olefins in which a single 
position of the alkene is substituted with both an electron-donating and an electron-
withdrawing group - called captodative olefins - are known to dimerise, probably via 
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an intermediate stabilised diradical, the reaction being reversible at higher 
temperatures. 92,93 The pyrrole ring and the ester substituent can act in this fashion 
with respect to the 1 -alkenic position of the pyrrolizinone to give the corresponding 
stabilised diradical 203, which then yields the two head-to-head dimers (Scheme 80). 
This captodative effect is also finely balanced if we consider that other 
pyrrolizinones bearing an electron-withdrawing group at the 1-position such as 
CONFI2 (195) or CONMe2 (196) are perfectly stable stable for weeks under the 
conditions for which the dimerisation occurs; the most likely reason is that the amido 
group is not as a powerful electron-withdrawing group as the ester substituent. 
Addition of a methyl group at the 2-position of the monomer as in 199 is also enough 
to prevent any dimerisation to take place, perhaps for steric reasons. 
A cold finger trap was designed to enable us to isolate the pyrrolizinone 202 
more easily at low temperature. As can be seen on Picture 1 the red pyrrolizinone 
product condensed at the exit point of the furnace almost exclusively on the cold 
finger kept at -78 °C. The trap can then be rinsed under nitrogen with a chosen 
solvent to obtain 202 in solution. This isolation procedure then made it possible to 
explore some chemistry of the unstable monomer. Hydrogenation reactions of the 
monomer (Section B), [4+2] cycloaddition reactions (Section C) or reactions with 
nucleophiles (Sections D and E) were successful. Other [2+2] cycloadditions of 202 
were briefly investigated but reactions with olefins bearing either an electron-
donating group (ethyl vinyl ether) or an electron-withdrawing group (dimethyl 
acetylene dicarboxylate, maleic anhydride) at room temperature were all 
unsuccessful, the two dimers being the only products observed. An attempt to cleave 
the cyclobutane ring by hydrogenation also failed. Different control experiments 
have been carried out supporting the proposed mechanism; the rate of dimerisation 
86 
4.1g. 
Picture 1 - Cold finger trap during FVP and afterwards (after a 900  rotation) 
•m 
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was found to be unaffected qualitatively in a range of solvents (acetone, chloroform, 
methanol), in the presence or absence of light and, in the presence or absence of a 
radical chain inhibitor (tri-tert-butyiphenol). The fact that no head-to-tail dimer was 
detected is an argument in favour of the proposed mechanism as is the fact that the 
dimerisation reaction is reversible (see below), as previously observed with other 
captodative alkene dimers. 93  Solution thermolysis of a pure sample of the major 
dimer 204 in deuteriated toluene, followed by 'H NMR spectroscopy, effectively 









Figure 10 - Emergence of 1-methoxycarbonylpyrrolizin-3-one 202 by heating of the 
dimer 204, successively at 374 K and 379 K 
The amount of monomer stabilises after a time, which suggests that a 
thermodynamic equilibrium exists between the monomer and the dimer(s); a small 
amount of the minor dimer could also be detected at 379 K to give at that 
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temperature the following stable compounds distribution: 202 (48%), 204 (49%), 205 
(3%). At 379 K very little of the cis-dimer 205 is formed indicating that the trans-
dimer 204 is probably the thermodynamically more stable compound. 
During an attempt to recrystallise the minor cis-dimer, a single crystal of 206 
was adventitiously selected, which provided the X-ray structure shown in Figure 11 
and Table 14. It is formally a [4+2] cycloadduct of the butenedioate ester 185 
acting as the diene and the monomer 202 acting as the dienophile (Scheme 81). In a 
few instances 2-vinylpyrroles have similarly been observed to react as dienes in 
Diels-Alder reactions with dimethyl acetylene dicarboxylate. 95 Unfortunately our 
attempts to reproduce the formation of 206 failed. 
MeO2C \_':~ 	
H 	so 










The compound 206 has a few structural interests; the dihydropyrrolizinone 
unit is effectively linked to a 3H-pyrrole tautomer via a cyclohexene ring in a boat 
conformation. The formulation of the 3H-pyrrole was supported by examination of 
bond lengths and angles; the bond length C(8)-C(12) [1.515 (7) A] is much longer 
than for a typical 1H-pyrrole a—f3 double bond [1.375 (18) A]. 88 The sum of the 
angles at C(8) (331.0 0)  is also clearly inconsistent with the normal 1H-pyrrole 
89 
Figure 11 - Plot of 206 with crystallographic numbering system 
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tautomer. The lone pair of the pyrrole nitrogen is mainly delocalised through the 
propenoate type ester as reflected by a very short N(1 1)-C(12) bond [1.349 (6) A]. 
As a consequence of this delocalisation the ester bond lengths C( 1 3)-C( 1 E") [1.442 
(7) A] and C(1E")-0(2E") [1.360 (6) A] are, by comparison with the other two ester 
groups, respectively shorter {C(1)-C(1E) [1.515 (7) A] and C(14)-C(1E') [1.508 (7) 
All and slightly longer {C(1E)-0(2E) [1.335 (6) A] and C(1E')-0(2E') [1.336 (6) 
A]}. 
The mechanism of ring closure by FVP of the imidazole derivative 207, 
giving the azapyrrolizinone 208, has been reported (Scheme 82);96  ring closure of the 
(E)-isomer occurs at significantly higher furnace temperatures than for the (Z)-isomer 
which implies that the (E)/(Z) isomerisation - which is known to occur in the gas 
phase 97 - is the rate determining step for the reaction. This result normally applies 
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Scheme 82 
We studied the pyrolyses of the (E)- and (Z)-isomers of dimethyl pyrrol-2-
y1butenedioate 185 under a variety of furnace temperatures. After FVP the crude 
pyrolysates were examined by 1 H NMR spectroscopy and the percentage of each 
substrate present was calculated from the integral values of characteristic resonances. 













Figure 12- FVP of (Z)-185; percentage of (Z)-185 (A), (E)-185 (y)  and 
pyrrolizinone 202 (.) as a function of pyrolysis temperature 
Figure 13- FVP of (E)-185; percentage of (Z)-185 (A), (E)-185 () and 
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ca. 600 °C the two (E)- and (Z)-isomers are present in an equal amount, which 
progressively decreases because of the formation of 202, which is quantitative at 700 
°C. The temperature profiles of conversion of the two isomers into the pyrrolizinone 
are consequently almost identical (Figure 14), which is in marked contrast to the 
results obtained from other propenoate ester derivatives. These results unequivocally 
indicate that the ring closure step is the rate controlling process for this particular 
reaction, while the isomerisation of the alkene carbon-carbon double bond 
surprisingly proceeds at low temperatures, an equilibrium being attained at ca. 
600 °C. 
Figure 14 - Conversion of the (E)- and (Z)-isomers of 185 into 202 as a function of 
pyrolysis temperature 
Because this unexpected behaviour is due to a second ester substituent on the 








butenedioate itself by FVP. The results are shown in Figure 15 in which the 
percentage of the (Z)-isomer (dimethyl maleate) in the mixture was plotted. It 
appears that some degree of isomerisation starts to occur at Ca. 600 °C from the (Z)-
isomer and above 650 °C from the (E)-isomer (dimethyl fumarate), an equilibrium 
between the two isomers being reached at temperatures of Ca. 800-850 °C. This 
emphasises even more the unusual behaviour of 185, which has to be due to a 
synergetic effect of the pyrrole and the ester groups. It is possible that under such 
(relative) mild conditions, as a consequence of a particularly high stabilisation, the 
diradical 209 be formed. Consequently free rotation can occur and (E)/(Z) 
isomerisation then takes place. This explanation would be another argument in 
favour of a captodative effect intervening during the dimerisation. 
Figure 15 - FVP of dimethyl maleate (v) and dimethyl fumarate (a); percentage of 
dimethyl maleate in the (E)/(Z) mixture as a function of pyrolysis temperature 
96 
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(c) 	Mechanism of pyrolysis of diethyl pyrrol-2-ylbut-2-enedioate 
Flash Vacuum Pyrolysis at 700-750 °C of a mixture of the (E)- and (Z)-
isomers of the diethyl ester 200 gave 2-ethynylpyrrole 198 as the major product with 
a small amount of the parent pyrrolizinone 197.85 This was unexpected by 
comparison with the FVP of the dimethyl ester analogue 185 which gave solely the 
pyrrolizinone system. The alkyne 198 was identified by NMR spectroscopy by 
comparison with an authentic sample made by pyrolysis of the isoxazolone 
derivative 210 . 98  Its formation can be rationalised by (E)/(Z) isomerisation of the 
initial diester, with concomitant elimination of ethylene from one or both of the ethyl 
ester groups (Scheme 83). The diacid 190 can then be thermally dehydrated giving 
the anhydride 191, and the alkyne 198 is then obtained by precedented cleavage of 
CO and CO2  from the anhydride. 99 The small amount of the parent pyrrolizinone 
observed was probably formed by the standard route from the (E)-isomer (Scheme 
66), followed by ethylene elimination and decarboxylation of the 1-ethyl ester group, 
a process previously observed. 
70 Independent preparations and pyrolyses of both the 
maleic acid 190 [prepared by basic hydrolysis of the (Z)-diester 185] and the 
anhydride 191 (prepared either by solution dehydration or by mild thermolysis of 
190), lead to 2-ethynylpyrrole under the same FVP conditions as the ones used from 
200, which strongly supports the proposed mechanism. Similarly ethynylbenzene 
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Scheme 83 
The pyrrole proton H 3 of the anhydride 191 shows an unusual high chemical 
shift of 7.04 ppm, the assignment having being made by NOB experiments (Figure 
16). Similarly a chemical shift greater than 7.1 ppm is also observed for H 3 in the 
maleimide analogue 194. For the non cyclic systems such as compounds 185, 188 or 
190 in the same (Z)-configuration, this value is normally in the range 6.2-6.5 ppm. 
This higher chemical shift in the cyclic system is probably due to a stronger 
deshielding effect of the adjacent carbonyl in a fixed configuration. The alkene 
proton H7 of 191 is also deshielded; its chemical shift of 6.45 is almost 0.5 ppm 
higher than in the acyclic systems, though for the maleimide this value falls at 
5.78 ppm. 


















Figure 16 - NOB results (%) on 191 
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B) HYDROGENATION OF PYRROLIZIN-3-ONES 
B!. PRELIMINARIES 
Catalytic hydrogenation of the 1,2-double bond of the pyrrolizin-3-one 
system takes place very easily under mild conditions. 
 64-67  The complete saturation of 
the pyrrole moiety has been reported in two occasions. 
49 ,67  Hydrogenation of 1,2-
dihydropyrrolizin-3-one 211 in ethanol at atmospheric pressure into pyrrolizidin-3-
one 1 was recently reported using a large amount of catalyst (twice the weight of 
substrate) (Scheme 84). Previously hydrogenation of 1 ,2-diphenylpyrrolizin-3 -one 
212 with Adams' catalyst has been shown to give, depending of the solvent used, 
either the fully saturated system 213 or a mixture of 1,2-dihydro and 1,2,7,7A-
tetrahydro systems 214 and 215 whose stereochemistry was not determined (Scheme 
85).67 We optimised the experimental conditions, reducing in particular the amount 
of catalyst used, to find that the parent pyrrolizin-3-one 197 in ethanol could be 
consistently hydrogenated into the pyrrolizidin-3-one 1 in about 2 h under 3 
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The results obtained from hydrogenation of the parent 3H-pyrrolizine 87 
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pyrrolizines as well as their 1,2-dihydro derivatives can be fully hydrogenated, 77,100-  
109 only 20% of hexahydro-3H-pyrrolizine 218 was obtained after hydrogenation for 
8 h in ethanol using a large amount of catalyst (5% Pd-C). The 1 ,2-dihydro 
intermediate 217 was the major product while some propylpyrrole 219 was also 
formed (Scheme 86). 
H2(55 PSI) 
5% Pd-C 	 + 	 + CD 
EtOH 
216 	 217 	218 	 219 
Scheme 86 
This difference of behaviour between 197 and 216 towards hydrogenation 
reflects the weaker aromaticity of the pyrrole ring in the former, due to a possible 
delocalisation of the nitrogen lone pair into the adjacent carbonyl group, therefore 
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reducing the resistance to hydrogenation. The hydrogenation of pyrroles bearing an 
electron-withdrawing group on the nitrogen is similarly known to be facilitated by 
comparison with N-alkyl or N-unsubstituted pyrroles.' 10-111  This result therefore 
shows that the pyrrolizidine system 218 is more easily attainable by hydrogenation of 
pyrrolizin-3-one followed by lithium aluminium hydride reduction of 1, compound 
218 then being isolated as its picrate (Scheme 87). 
<~Nq 
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Hexahydropyrrolizin-3-one (pyrrolizidin-3-one) 1 being the parent compound 
of the series, it was judged useful to assign as best as possible all the different 
protons of the molecule in the 1 H NMR spectrum, stereochemistry and coupling 
constants included. Some partial assignments have been reported in the literature. 17 
In that way the stereochemistry of more complicated pyrrolizidinone systems could 
be conveniently assigned. High resolution NMR experiments were carried out by Dr. 
I. H. Sadler at 600 MHz successively as shown below. 
All the proton resonances were labelled from A to L (excluding I) by 
increasing order of frequency. At 600 MHz only the protons C and D overlapped 
(Figure 17). 
The two-dimensional HMQC proton-carbon correlation spectrum 
allowed us to identify the methylene pairs as AD, BE, CE, GH and JK, and L as the 
unique methyne proton at the ring junction. 
In 
(3) 	The DQFCOSY spectrum (Figure 18) gave the proton sequence in 
each ring. The key pointers, starting the analysis from the ring junction L, are: 





Figure 17 - 'H NMR spectrum (600 MHz) of hexahydropyrrolizin-3-one 1 
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The proton A also couples to E (but not or with small magnitude to C; the cross 
peak between A and C/D has a geminal appearance corresponding to the AD gem 
coupling). 
The protons C and E also couple to the JK pair (with a small EJ coupling). 
The proton B also couples to the GH pair. The absence of a cross peak between 
F and G implies that the value of the dihedral angle between these two protons is Ca. 
90 0 
Therefore the complete sequence of protons, starting from the nitrogen atom, is JK-
CE-AD-L-BF-GH. 
Spin decoupling experiments show a very small FG coupling. The 
C/D region is too confused to be interpreted. 
The stereochemistry was easily assigned from the NOE difference 
spectra, which are summarised as follows: 
Irradiation of L enhances F (2%) and C/D (1.5%). 
Irradiation of K enhances E (3%), A (1%), J (8%), and also L (-2%) by a three 
spin effect via J. 
Irradiation of J enhances C/D (1%) and K (7%). 
Irradiation of H enhances F (1%) and G (5%). 
Irradiation of G enhances B (2%) and H (5%). 
Irradiation of F enhances L (2%), H (3%), B (8%), and also G (-2%) by a three 
spin effect via B. 
Irradiation of E enhances K (3%), A (3%) and C (8%). 
Irradiation of B enhances G (3%), A (3%) and F (8%). 
Irradiation of A enhances E (2%), B (1%) and D (6%). 
The large enhancements ( ~! 5%) all correspond to geminal relationships. From the 
smaller enhancements one can deduce the sequence J-C-D-L-F-H on the exo face of 
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the molecule and the sequence K-E-A-B-G on the endo face (Figure 19). No 
enhancements are seen between vicinal trans protons. 
(6) 	Analysis of the multiplet structures and peak listings partially allowed 
us to determine the proton-proton coupling constants existing in the molecule (Figure 
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Figure 19 - Chemical shifts (in ppm) and resolved coupling constants (in Hz) 
of hexahydropyrrolizin-3-one 1 
B2. PREPARATION OF 1,2-DIHYDROPYRROLIZIN-3-ONES WITH 
THE OXYGEN FUNCTIONALITY AT THE 1-POSITION 
An efficient way of introducing the oxygen functionality at the 1-position of 
the pyrrolizin-3-one system by a two step procedure has been reported. 
69,76  The first 
step consists of the regioselective electrophilic addition of hydrogen chloride onto 
the 1,2-double bond, by treatment of a dichloromethane solution of pyrrolizin-3-one 
at room temperature, with hydrogen chloride gas (Scheme 88). In the second step the 
labile chlorine atom is removed by quenching with sodium acetate (in acetic acid), 
methanol or water to give respectively 1 -acetoxy-, 1 -methoxy- or 1 -hydroxy- 1,2-
dihydropyrrolizin-3-one. The chloro compounds are potentially toxic and it is best to 
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use them directly without purification. By this method we synthesised the 
compounds 220-224 (Table 15). 
R 	 R 	Cl 	 R 	OR' 
HC1 gas 	 R'OH  
DCM/ RT 
0 	 0 	 0 
Scheme 88 
Compound R R' Yield 
220 H H 77% 
221 H Ac 94% 
222 Me H 62% 
223 Me Ac 49% 
224 CH20Ac H 92% 
Table 15 - 1 ,7-disubstituted 1 ,2-dihydropyrrolizin-3-ones 
In the reaction from 7-methylpyrrolizin-3-one, the compound 225 was 
adventitiously formed along with 222. In the 'H NMR spectrum of 225, the 




Under the previous conditions 7methoxycarbonylpyrrolizin-3-One 176 did 
not react as well as other pyrrolizinones. Even after bubbling hydrogen chloride 
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through for a prolonged time (2 days rather than 1 hour usually), thin-layer 
chromatography was still showing unreacted starting material; the crude reaction 
mixture was quenched with sodium acetate and dry flash column chromatography 
afforded in low yield the product 226, along with some hydroxy derivative 227 and 
remaining starting material (Scheme 89). This lower reactivity towards electrophilic 
addition is presumably due to a lower stabilisation by the pyrrole ring of the cationic 
intermediate in the hydrochlorination step. Attempts to vary experimental conditions 
using a more polar solvent (acetonitrile), catalysing the reaction by sulphuric acid 
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226 R= Ac 19% 
227 R=H 	6% 
176(22%) 
Scheme 89 
B3. HYDROGENATION OF 1- AND 7-MONOSUBSTITUTED 
PYRROLIZIN-3-ONES 
We started this study by looking at the effect of experimental conditions on 
the hydrogenation of pyrrolizin-3-ones monosubstituted at the 1- and 7-positions by a 
methyl group, before moving onto the effects of other substituents, esters in 
particular. Numerous experimental parameters have to be taken into account before 
carrying out and/or optimising an hydrogenation reaction: agitation, catalyst (metal, 
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support, loading), pressure, solvent, temperature, etc. 1 12-113  The higher the value of 
pressure and temperature, the greater the reaction rate but this also results in a 
decrease of the selectivity in the case of multifunctional compounds. The choice of 
the catalyst is a very important factor with respect to the activity (ease of catalysis of 
the hydrogenation), the regioselectivity and the stereoselectivity of the reaction. 
However no absolute rules exist and the initial selection of appropriate catalysts is 
generally governed by trends and previous work. For the hydrogenation of pyrroles 
and pyrrolizine derivatives, the most common catalysts used are Raney nickel, Pd-C, 
Pt (Pt, Pt-C, Pt0 2) and Rh (Rh-C, Rh-A1 203). Solvents have complex effects which 
are often difficult to rationalise. Concerning the hydrogenation of pyrrolizines and 
pyrrolizinones the solvents usually used are mainly alcohols (methanol, ethanol), 
either neutral or in presence of acid, and acetic acid; in some cases their choice 
proved to critical. 67,109  From a stereochemical point of view many examples can be 
found in the literature in which a change of catalyst' 4 or solvent" 5 or both' 6 
dramatically affects the selectivity of particular hydrogenations. The only , although 
fallible, generality is that in a series of solvents, the extremes of selectivity will often 
be found at the extremes of the dielectric constants. 115  On the basis of these 
generalities it was decided to investigate the stereoselectivity of the hydrogenation of 
1- and 7-substituted pyrrolizinones, by varying two parameters, catalyst and solvent, 
all the other parameters being kept constant. The hydrogenations were performed at 
room temperature usually at a pressure of 45 PSI on ca. 10-20 mg of substrate in 10 
cm  of solvent with Ca. 5 mg of catalyst. The hydrogenation of 1- or 7-
monosubstituted pyrrolizin-3-ones can lead to the formation of two diastereoisomers, 
each of them present as a racemate (Scheme 90). Monosubstituted compounds of 
type A in which the ring junction proton is cis with respect to the adjacent methine 
proton will be called cis-isomers. B are the trans-isomers. 
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Scheme 90 
(a) 	Model study: hydrogenation of 1- and 7-methylpyrrolizin-3-ones 
The two perhydro isomers 228 and 229 formed by hydrogenation of 1-
methylpyrrolizin-3-one 165 are easily distinguishable by 'H NMR spectroscopy via 
their respective methyl signal, a doublet due to coupling to the geminal proton, with 
known different chemical shifts and coupling constants. 
2d  The analysis of 
hydrogenation results was based on these reported values; the ratio of 228 to 229 was 
obtained from the relative integration of the two methyl doublets (Table 16). 
0.98 ppm 	 ppm 
Me 	(7.0 Hz) 	H Me 
	
(6.6 Hz) 
CTN 	 C 
	
228 	 229 
With the exception of one experiment (with the ruthenium catalyst) the main 
tendency is the rather dominant formation of the cis-isomer 228 over the trans-
isomer 229. As expected the ratios of the two diastereoisomers obtained are 
dependent on the experimental conditions; some trends can be stated from the results: 
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Catalyst Solvent 228 : 229 
5% Pd-C hexane 4.5 
5% Pd-C EtOAc 2.9 
5% Pd-C EtOH 3.1 
5% Pd-C DMF a 
5% Pd-C tert-BuOH 2.8 
5% Pd-C AcOH 2.2 
5% Pd-CaCO3 hexane 7.9 
5% Pd-CaCO 3 EtOAc 6.7 
Raney Ni hexane 14.1 a 
Raney Ni EtOAc 15.4 a 
Raney Ni EtOH 13.6a 
Pt02 hexane 5.5 
Pt02 AcOH 3.5 
Pt black hexane 
5% Rh-C hexane 7.9 
5% Rh-C AcOH 5.6 
5% Rh-A10 hexane 7.3 
5% Rh-A103 EtOAc 7.7 
5% Rh-A10 EtOH 9.6 
5% Rh-A10 EtOH 9•5b 
5% Rh-A103 AcOH 8.7 
5% Ru-C water 0.5a 
Table 16 - Hydrogenation results of 1-methylpyrrolizin-3-one 165 (45 PSI, 2 h) 
a) 1 ,2-dihydro product present - b) hydrogenation at atmospheric pressure for 1 day 
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The choice of the catalyst is the main factor controlling the 
diastereoselectivity. For example in a series of experiments the diastereoisomeric 
ratio (dr) 228 : 229 can vary by up to a factor of five, as (for example) with the 
reactions carried out in ethyl acetate in which dr varies from 2.9 (with Pd-C) to 15.4 
(with Ni). The support of the catalyst also influences the stereoselectivity; for 
example Pd-CaCO3 leads to a better selectivity than Pd-C in either hexane (dr= 7.9 
against 4.9) or ethyl acetate (dr 6.7 against 2.9). A rough order of selectivity of the 
catalysts used is Raney Ni ~! Rh-A1203 ~! Rh-C - Pd-CaCO3 ~! Pt black Pt02 ~: Pd-
C ~! Ru. However the use of a catalyst is above all limited by its activity; thus 
despite its relative high selectivity Raney Ni cannot be used under our experimental 
conditions. Rhodium-based catalysts are consequently the most suitable. 
To a lesser extent than catalysts, solvents also influence the 
diastereoselectivity of the reaction, without reliable rules however ; for example 
hexane is the best solvent to use with Pd-C, while with Rh-A1 203 a better selectivity 
is attained using ethanol. In dimethylformamide the hydrogenation of the pyrrole 
was found to be completely inhibited and afforded the 1 ,2-dihydro derivative 230 as 




This compound is a stable reaction intermediate en route to the perhydro 
system. Its formation, which leads to a decolorisation of the solution, was observed 
to take place in the first few minutes of the reaction while the rest of the molecule 
was hydrogenated more slowly. The predominance of the cis- over the trans-isomer 
110 
is presumably due to steric hindrance generated by the methyl group onto one face of 
the intermediate 230; the addition of dihydrogen subsequently takes place selectively 
on the other face which gives 228 as the major product. 
This stereoselectivity in favour of the cis-isomer has also previously been 
observed in the pyrrohzseries; 104e se ; 109a  the pure pyrrohzidines hehotridane 231 and 
isoretronecanol 232 were effectively obtained, after hydrogenation of 1-substituted 
3H-pyrrolizine derivatives over a rhodium catalyst, followed by recrystallisation of 
their picrate salts (Scheme 91). In the indolizidine series however such a selectivity 
appears much lower, with a product distribution again dependent on experimental 
conditions (Scheme 92). 117-118  
R 	 HR 
< N6 H2ç3 Rh 
231 R= Me 
232 R= CH20H 
Scheme 91 




01 (:N + CTN CXN) 
Pt02/ AcOH 	2 : 3 	R= OH 
Rh-A1203/ EtOH 	2 : 1 	R= TEMPO 
Scheme 92 
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Similarly hydrogenation of the 7-methyl analogue 174 was carried out 
varying the experimental conditions, the ratios of the two diastereoisomers 233 and 
234 being calculated as previously from the known 'H NMR signal of the two methyl 
groups (Table 17). 35 
0.81 ppm 




(6.1 Hz) Me  
CqN 
234 
Catalyst Solvent 233 : 234 
5% Pd-C EtOH 5.2 
5% Pd-C AcOH 5.9 
5% Pd-CaCO 3 hexane 1 l.1' 
Raney Ni EtOH 21.8a 
Pt02 hexane 12.4 
5% Rh-C hexane 40 
5% Rh-C hexane 44  
5% Rh-C EtOAc 49 
5% Rh-A1203 hexane 26.5 
5% Rh-A1203 AcOH 26.3 
Table 17 - Hydrogenation results of 7-methylpyrrolizin-3-one 174 (45 PSI! 2 h) 
a) 1 ,2-dihydro product present - b) hydrogenation at atmospheric pressure for 2 days 
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Hydrogenation of 7-methylpyrrolizin-3 -one occurred with higher 
diastereoselectivity than with the 1-methyl derivative, again in favour of the cis-
diastereoisomer (233). With Rh-C in particular the selectivity attained is extremely 
high (diastereoisomeric excess> 95%). Huge differences of selectivity are observed 
depending on the catalyst used. The efficiency order is different from the previous 
one: Rh-C > Rh-A1 203 ~! Raney Ni ~: Pt02 Pd-CaCO 3 ~! Pd-C. The effects of 
solvent have not been studied systematically. With Raney Ni the hydrogenation 




The cause of the very high selectivity observed in the 7-substituted 
pyrrolizinones is intrinsically a consequence of the cis-hydrogenation mechanism of 
the pyrrole ring, which leads to the hydrogen atoms at C 7 and C7A being cis to one 
another. 
(b) 	Hydrogenation of 1- and 7-methoxycarbonylpyrrolizin-3-ones 
We showed earlier that 1 -methoxycarbonypyrrolizin-3-one 202 surprisingly 
dimerised at room temperature (see Section A3b). When 202 is isolated at low 
temperature however, by the mean of a cold finger trap, it is stable enough to carry 
out alternative reactions. Thus hydrogenation at Ca. -20 °C at atmospheric pressure 
over 5% Pd-C (Ca. 1: 1 by weight) of a freshly prepared methanolic solution of 202 
gave the perfectly stable dihydro derivative 236 along with the unexpected tetrahydro 
compound 237, which were separated by dry flash chromatography (Scheme 93). 
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Compound 237 was identified by comparison with literature data. 
21  Its 'H NMR 
spectrum at 200 MHz showed multiplet patterns which could not be interpreted on a 
first order basis with, in particular, partial overlapping of two methylene groups at 
3.48-3.56 ppm. At 360 MHz the two signals were separated into triplets 
corresponding to 112 and H5 . 	This was proved by an NOE experiment on the 
methylene at 2.37 ppm (1-16) which enhances the two neighbours H 5 and H7 . 
Decoupling of the signal at 2.89 ppm (14 7) then reduces in particular the triplet at 
3.49 ppm (1-12) to a singlet. This confirms the existence of an unusual long range 




























Figure 20 - Proton chemical shifts (in ppm) and coupling constants (in Hz) in 237 
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The formation of 237 has to arise, after initial hydrogenation of the 5,6-
double bond of 236, from the fast migration of the remaining double bond in the 
intermediate 238 (no trace of this intermediate could be identified from any of 
reaction mixtures). It has previously been claimed that in the hydrogenation of 1,2-
diphenylpyrrolizin-3-one, saturation of the 7,7A-double bond occurred before that of 
the 5,6-double bond (Scheme 85), but analysis was based only on the infrared 
spectrum of the product. 67 The solvent was initially thought to be involved in the 
process; however this is not the case, as no incorporation of deuterium was observed 
when the hydrogenation was performed in deuteriated methanol. This isomerisation 
is likely to have occurred on the surface of the catalyst, the driving force being the 
stability of the enamido-type ester formed; double-bond migration during 
hydrogenation of olefins are effectively common. 
112 In addition palladium catalyst - 
as used in our experiments - is also known to be the most active metal promoting 
such phenomenon. Because of the formation of the stable tetrasubstituted olefin 237, 
the rate of hydrogenation into the fully saturated system is consequently much 
slower. The formation of the known 23  hexahydro products 239 and 240 was 
successfully attained from the unstable pyrrolizinone 202 after successive 
hydrogenations, at -20 °C and atmospheric pressure for 2 h and, at room temperature 
under 55 PSI for over one day (Scheme 94). From a stereochemical point of view the 
formation of 237 is beneficial as it leads mainly to the cis-isomer 239 resulting from 
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The other djastereoisomer 240 was also obtained in an amount estimated to be Ca. 
10% by ' 3C NMR spectroscopy. When the hydrogenation was performed in ethyl 
acetate, either neutral or in presence of acid, the amount of the trans-isomer 240 
became almost undetectable (:! ~ 5%). 
The 7-ester analogue 176 proved to be quite resistant towards hydrogenation 
under a variety of conditions, producing the dihydro derivative 241 as the major 
compound, using a combination of rhodium catalysts (on carbon or alumina) and 
solvents such as hexane, toluene and ethyl acetate. In acetic acid however the 
known 31c cis-hexahydropyrrolizinone 243 was reproducibly obtained as the sole 
diastereoisomer by hydrogenation over Rh-A1 203 for 7 hours. This complete 
diastereoselectivity results from the cis-hydrogenation of the pyrrole via the 
tetrahydro intermediate 242 (Scheme 95). Although 242 has not been isolated , its 
presence could be inferred, in one of the hydrogenation mixtures, by 13 C NMR 
spectroscopy, by comparison with known data of the ethyl ester analogue. 62a 
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Scheme 95 
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Similar high diastereoselectivity has been observed in the hydrogenation of the 1,2- 
dihydro-3H-pyrrolizine 244. 77,100,103,108  Again the selectivity found in the 515 bicycle 
(pyrrolizine) cannot be transposed to the 6/5 series (indolizine); for example 
hydrogenation of 245 yields leaded to the formation of two diastereoisomers in a 2 









Another interesting feature was discovered when the hydrogenation of 176 
was carried out in ethanol; the pyrrole 246 was obtained exclusively. Its formation 
results from the ring opening by the solvent of either the pyrrolizinone 176 itself 
followed by partial hydrogenation, or the dihydro derivative 241 (Scheme 96). This 
contrasts with the known stability of the parent compound in neutral methanol (see 











(c) 	Other hydrogenations 
The results of hydrogenation of 7-acetoxymethylpyrrolizin-3-one 164 are 
quite erratic (Scheme 97 and Table 18). When the reaction does not stop at the 
117 
dihydro stage, it usually produces a mixture of the 7-methyl derivatives 233 and 234. 
The formation of 248, identified by comparison with literature data, 
39  was only 
observed under one set of experimental conditions (Rh-C/ ethanol), its formation 
being accompanied by a small amount of the cis-methyl isomer 233 (ratio 84: 16). 
AcOH2C 	 AcOH2C 	 Me H 
Nq 45 PSI/ RT 
164 0 
	 247 0 	 233+234 0 
AcOHC H 
Nq; 
Scheme 97 	 248 •0 
Catalyst Solvent Products 
5% Pd-C EtOAc 247 
5% Pd-C EtOH 233 and 234 
5% Pd-CaCO3 EtOAc 247 
Pt02 EtOAc 233 and 234 
5% Rh-C EtOAc 247 
5% Rh-C EtOH 248 and 233 
5% Rh-A1203 EtOH 233 and 234 
5% RI-A1203 AcOH 233 and 234 
Table 18 - Hydrogenation results of 7-acetoxymethylpyrrolizin-3-one 164 
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The stereochemistry of compound 248, anticipated to be that obtained from 
the cis-hydrogenation of the pyrrole ring was further checked by conversion into the 
pyrrolizidine isoretronecanol (Section 133d). An analogy can be drawn between the 
facile hydrogenolysis of the acetate group observed in 247 and the results of the 
hydrogenation of compounds bearing a benzyl group attached to an oxygen, benzyl 
esters in particular, for which the hydrogenolysis of the benzyl-oxygen bond occurs 
readily. 112  This hydrogenolysis reaction is often promoted by addition of small 
amounts of acids but it can also be performed in presence of neutral solvents, as is 
the case with 247 where it occurs in acetic acid as well as in ethanol or ethyl acetate. 
Bases frequently inhibit hydrogenolysis, but such conditions cannot be used with the 
pyrrolizinone system as ring opening is known to occur readily under basic 
conditions. 68  In order to happen the hydrogenolysis takes place before hydrogenation 
of the aromatic moiety as shown in Scheme 98; compound 248 was effectively 
checked to be stable to any further hydrogenolysis under hydrogenation conditions. 
(%Ac 
Me H 
tN 	 Nq 
10 
NNN 
0 	 0 	 0 
247 
Scheme 98 
By contrast the hydrogenation of the dihydro derivative 221, which can also 
be considered as a N-substituted acetoxymethylpyrrole, surprisingly proceeded 
without any hydrogenolysis taking place; in all cases the acetoxypyrrolizidinones 249 
and 250 were formed (Scheme 99 and Table 19). This implies that in 221 the rate of 
hydrogenation of the pyrrole moiety is greater than the rate of hydrogenolysis of the 
119 
C 1 -OAc bond, possibly as a result of the additional alkyl-type substitution at C 1 , 
which creates unfavourable interactions at the surface of the catalyst. The 
introduction of a (x-substituents in benzyl alcohols has similarly been shown to result 
in a decrease of the rate of hydrogenoiysis. 
121 
 
OAc 	 H OAc 	 H OAc 
C\N H2 cCR 





Catalyst Solvent 249 : 250 
5% Pd-C EtOH 14a 
5% Pd-CaCO3 EtOH 249 
0111b 
Pt02 EtOH 
5% Rh-A120 EtOAc 11.5 
5% Rh-A103 EtOH 11.5 
Table 19 - Hydrogenation of 1 -acetoxy- 1 ,2-dihydropyrrolizin-3-one 221 
a) 20 : 1 ratio obtained on a 505 mg scale - b) presence of remaining starting material 
The hydrogenation of 221 occurs stereoselectively in favour of the cis-
isomer 249. In a few cases the formation of the minor diastereoisomer 250 was 
barely or even not detectable as with Pd-CaCO 3 . These results differ from the 
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hydrogenation of the 1-methyl derivative 165, with respect to the level of 
stereoselectivity attained but also with the efficiency order of the catalysts; with the 
acetoxy precursor 221 the order is Pd-CaCO 3 ~: Pd-C ~! Rh-A1203 ~! PtO, while with 
the methyl substituent it was Rh-A1 203 ~! Pd-CaCO 3  ~! PtO ~! Pd-C. 
The configuration of 249 was confirmed by its conversion into the known 1-
hydroxypyrrolizidine 251 and comparison of its picrate melting point (Section 133d). 
For the major isomer 249 the signal of highest chemical shift at 5.29 ppm is due to 
H 1 while that of H7A (6= 4.07 ppm) is in the usual range range observed for the 
pyrrolizidin-3-one ring junction protons (3.8 :!~ 6 4.2 ppm). The chemical shift of 
H 1 for the minor isomer 250 is 4.95 ppm. The ratios of the two isomers was 
consequently obtained by integration of these two signals. Depending on the 
stereochemistry at C 1 the signals due to H 1 on the 1 11 NMR spectrum exhibit 
different patterns. In the cis-isomer 249 it is a triplet (J 5.0 Hz) due to 3J couplings 
to 117A and one of the methylene protons H 2. A similar pattern is observed in the 
hydroxy analogue 252 (see below). In the trans-isomer 250 the corresponding signal 
gives a triplet of doublets (J= 8.2 and 4.9 Hz) due respectively to 3J couplings to each 
of the two protons H2 and to the ring junction proton H7A. These data are in total 
agreement with those observed in the parent compound (Figure 21) (See Section Bi). 
Effectively Hi a was found to be coupled with H7A and H2 a  with large coupling 
constants, while the coupling with the trans proton H2b was small (1.8 Hz), the 
largest coupling constant (12.6 Hz) being due to a geminal coupling. In 249 where 
Hib is replaced by OAc the smallest coupling does not exist and as a result a simple 
doublet of doublet (giving a triplet) is observed. In 1 the proton Hib couples to H7A, 
H2a and H2b with large coupling constants; a similar pattern (doublet of doublet of 







H ia : dddd; 
2  J 12.6, 3  J 8.9, 6.8 and 1.8 
Hlb: dddd; 2J 12.6, 3J 11. 2, 9.4 and 7.4 
Figure 21 
Hydrogenation of the hydroxy derivative 220 exhibits a diastereoselectivity 
not much affected by variation of experimental conditions, the ratio of the two 
diastereoisomers formed 252 and 253 varying between 4.9: 1 and 8.7: 1 (Table 20). 
These known compounds were easily identified by 'H NMR spectroscopy. In 252 
one of the methylene protons H 2 is distinct and shows a clear doublet due to coupling 
to its geminal partner. 29a  In 253 the two H2 protons overlap and give rise to an 
apparent doublet in the spectrum. The integration of those two signals gave the 






' (d, 16.7 Hz) 
252  
I:i OH r 
2.73 ppm 
CN
-" (second order) 
253 0 
'H NMR data relating to cis-isomers of 1-substituted pyrrolizidin-3-ones are 
reported in Table 21. As reported earlier for the parent compound 1 a small 
(sometimes absent) coupling is generally observed between H2b and H l ,,; a clear 
doublet is therefore often obtained for H2b. For H2 a, in addition to the gem-coupling, 
the coupling constant with Hi a  varies between 4.9 and 8.0 Hz and small long range 
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couplings are also observed, consequently giving a doublet of doublet of triplet. 
These doublets do not appear on the 'H NMR spectrum of the 1-ester analogue 239 
because of a second order effect. 
Catalyst Solvent 252 : 253 
5% Pd-C EtOAc 7.0 
5% Pd-C EtOH 4.9 
5% Pd-CaCO EtOAc 
a 
5% Pd-CaCO3 EtOH 
Pt02 EtOH 7.2 
5% Rh-C EtOH 6.3 
5% Rh-A103 EtOAc 5.6 
5% Rh-A10 3 IPA 6.3 
5% Rh-A1203 EtOH 8.7 
Table 20 - Hydrogenation of 1,2-dihydro- 1 -hydroxypyrrolizin-3 -one 220 
a) no reaction - b) presence of remaining starting material 
H2a H2b 
R1 8 (ppm) pattern 'j (Hz) 8 (ppm) pattern 
flj  (Hz) 
Me 2.84 ddt 16.3, 8.0, 1.1 1.98 dd 16.3, 2.7 
OH 2.88 ddt 16.7, 4.9, 1.2 2.34 d 16.7 
OAc 2.97 ddt 17.6, 5.6, 1.2 2.40 d 17.2 
Table 21 - Selected 'H NMR data of cis-1-substituted pyrrolizidin-3-ones 
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The introduction of an electron-rich substituent such as a methoxy group onto 
the pyrrole moiety does not affect the course of the hydrogenation; under the usual 
pressure and temperature conditions 7-methoxypyrrolizin-3-one 175 was smoothly 
reduced over Pd-C to the perhydro derivative, obtained as a mixture of the two 
diastereoisomers 255 and 256 (Scheme 100). A 6: 1 ratio in favour of 255 has been 
calculated from the integration of the 'H NMR signals due to the methoxy group. 
The structure of the expected major diastereoisomer 255 has been confirmed by 
further NMR experiments carried out at 360 MHz. A proton-carbon correlation 
spectrum initially allowed us to distinguish the two methine protons H 7 and H7A from 
the methylene protons. NOE irradiation of each of these two protons then resulted in 
reciprocal enhancements being observed between each other (Scheme 100), which 
proved that the configuration at C7-C7A is cis. Additional irradiation of the methoxy 
group gives rise to a sole proton enhancement, which presumably corresponds to H 7 

























(d) 	Pvrrolizidin-3-one 	reduction: 	synthesis 	of heliotridane 	and 
isoretronecanol 
The pyrrolizidine systems can be obtained by simple reduction of the lactam 
function of pyrrolizidin-3-ones which in turn derive from hydrogenation of 
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	ii) picric acid 
Scheme 101 
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two complementary routes exist starting from pyrrolizin-3-ones, substituted either at 
the 1- or at the 7-position, synthesised in two steps from simple pyrroles. In both 
cases hydrogenation leads predominantly to the cis-diastereoisomers, the 
stereoselectivity being very high from the 7-substituted pyrrolizin-3-one in particular; 
Consequently the known reduction of the lactam function of either mixture gave the 
cis-pyrrolizidine heliotridane as the major product. Heliotridane constitutes the 
parent carbon skeleton of the heterocyclic unit of pyrrolizidine alkaloids.' Both 
routes are synthetically viable and purification of the pyrrolizidine base can be easily 
achieved by recrystallisation of its picrate salt. 
The other diastereoisomer in which the central hydrogen is cis to the 1-methyl 
substituent cannot be synthesised at a useful level from pyrrolizin-3-ones using the 
present methodology. 
The necine base isoretronecanol 232 was successfully synthesised from three 
different pyrrolizinone precursors (Scheme 102). Isoretronecanol has previously 
been isolated from orchidaceae (Vandopsis lissochiloides Pfitz. and Vandopsis 
gigantea Pfitz.) 122 and from the roots of thesium minkwitzianum plants. 123  The most 
efficient route involves the 7-ester pyrrolizinone which is selectively hydrogenated 
into the cis-perhydro derivative. As reported previously 3 Ic  reduction of the ester and 
the lactam in one step with lithium aluminiun hydride affords pure isoretronecanol in 
83% yield after distillation. The complementary 1-ester route is more delicate 
because of the precautions necessary to prevent dimerisation of the pyrrolizinone and 
also the longer reaction time needed for the hydrogenation. When well handled, 
isoretronecanol can be obtained with good stereoselectivity and purified via the 
picrate salt. The third route which involves hydrogenation of 7-
acetoxymethylpyrrolizinone requires careful optimisation to avoid, or at least limit, 
126 
the hydrogenolysis of the acetate. Reduction of the mixture followed by bulb-to-bulb 
distillation allows separation of the heliotridane impurity to afford pure 
isoretronecanol. In the hope of making the other pyrrolizidine diastereoisomer, 
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Scheme 102 
The hydroxy function, also present in numerous plant degradation products, 
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Section B2. Hydrogenation of the acetoxy compound 221 followed by reduction 
gave 1-hydroxypyrrolizidine 251 (Scheme 103). Compound 251 could also be 
obtained from the hydroxy derivative 220, although the stereoselectivity of the 
hydrogenation is not as good. 
OAc 
Pd-C 
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Scheme 104 
The methodology was extended to the hydrogenation of some 1,7-
disubstituted 1,2-dihydropyrrolizin-3-ones, bearing the oxygen-functionality at the 1- 
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position, synthesised from pyrrolizin-3-ones by the two-step procedure described in 
section B2. Due to three stereocenters in the perhydro compound, four 
diastereoisomers are possible (Scheme 104). In most cases, only two major products 
were formed whose stereochemistry was often established by 1 H NMR spectroscopy; 
they were found to be the mechanistically expected products 257A and 257B. 
Hydrogenation of the acetoxy compound 223 gave the two pyrrolizidinones 
258 and 259 in variable ratios depending on experimental conditions; with Pd-C the 
formation of 259 is slightly favoured, while 258 is obtained as the major product 
using rhodium catalysts (Scheme 105 and Table 22). In some cases a small amount 
of a third compound could also be detected, via the presence of a small methyl 














Catalyst Solvent 258 : 259 
5%Pd-C EtOH 2:3a 
5% Rh-A1203 EtOAc 2.6: 1 
5% Rh-C EtOAc 5: 1a,b 
5%Rh-C EtOH 3.7:1a 
Table 22 - Hydrogenation of 1-acetoxy-1,2-dihydro-7-methylpyrrolizin-3-one 223 
a) presence of a third isomer - b) 6: 1 ratio on a 106 mg scale 
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Both compounds result from the cis-hydrogenation of the pyrrole moiety. 
However the degree of selectivity attained is relatively poor with respect to the 1-
substituent; by contrast 1 -acetoxy- 1 ,2-dihydropyrrolizin-3 -one 221 exhibits a high 
diastereoselectivity. This loss of selectivity presumably results from an unfavourable 
steric interaction in 258, the endo face of the molecule being very hindered, with the 
two substituents folding into each other inside the butterfly-shape of the 
pyrrolizidinone ring. 
The proton chemical shifts of 258 were assigned as follows from the reaction 
mixture in which it is the major compound: 
(1) 	All the proton resonances were labelled from A to I by increasing 
order of frequency (Figure 22). The doublet (3J= 7.1 Hz) at 1.04 ppm and the singlet 
at 2.05 ppm correspond respectively to the methyl at C 7 and the acetate methyl. 
(2) 	From the COSY spectrum (Figure 22) and previous results, the 
assignments can be established, the key pointers being: 
The proton I couples to H and also to E and C/D. E and one of the protons C/D 
show an identical large coupling constant of 17.2 Hz; I, H, E and D(or C) are 
respectively H 1 , H7A and the two H2 protons. 
The methyl doublet couples to C/D; C and D are H 2 and H7 
G couples to F (geminal appearance) and also to A and B. 
Therefore the sequence of protons, starting from the nitrogen atom, is FG-AB.C(or 
D)-H-I-ED(or Q. 
(3) 	The complete assignment of stereochemistry was made by NOE 
experiments; the NOE difference results are: 
Irradiation of I enhances H (6%), E (3.5%) and weakly D (< 1%). 
Irradiation of H enhances 1(7%), E (1.5%) and C (3.5%). 
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Figure 22 - 'H NMR spectrum (360 MHz) and COSY spectrum of 258 
Irradiation of B enhances H (1%), F (4%), C (2%) and A (14%). 
Irradiation of A enhances G (3.5%), B (13%) and the methyl doublet (< 1%). 
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(vi) Irradiation of the methyl doublet enhances 1(2%), H (1%), G (1%) and C (4%). 
These results a1lowo trace the proton sequence F-B-C-H-I-E on the exo face, while 	L 
we have G, A and D, respectively at the 5-, 6- and 2-positions on the endo face. 
They also show unequivocally that the methyl and the acetate groups both point 









Figure 23 - Selected NOE (%) results 
The 1 H NMR signal due to H in 258 consists of a doublet of doublet with 
relatively similar coupling constants (5.8 and 5.0 Hz), which are characteristic of the 
cis-configuration. In addition the signal is further split as a result of an extra small 
coupling (2.5 Hz) to the vicinal trans-H2 proton. The H 1 proton signal of the other 
isomer 259 consists of a doublet of doublet of doublets with three large couplings 
constants (8.7, 6.9 and 4.8 Hz) which seems to suggest that the acetate group adopts 
the other (trans) configuration. This was checked by NOE experiments, but 
beforehand it was necessary to assign the proton chemical shifts of the molecule. 
The analyses were carried out directly from one of the hydrogenation mixtures, 
consisting of 258 and 259 in a 2 : 3 ratio, as follows: 
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a1 







Figure 24 - TOCSY experiments of a mixture of 258 and 259 
(1) 	As the 'H NMR spectrum appeared confused, the TOCSY spectrum 
of the mixture was run allowing us to differentiate the two spin systems (Figure 24). 






(2) 	The key pointers of the COSY experiment are: 
The proton I' (11 1 ) couples to H' (1-1 7A), D' and E' (112 protons). 
The methyl doublet couples to C' (H 7). 
The proton G' (1-1 5) couples to F' (1-1 5) (geminal appearance), which both couple 
to A' and B' (11 6 protons). 
(3) 	Confirmation of these results and stereochemistry assignments were 
obtained from the NOE difference spectra: 
Irradiation of I' enhances H' (<1%), E' (3%) and the methyl doublet (1%). 
Irradiation of H' enhances I'(1.5%), C' (2.5%) and B' (2%). 
Irradiation of G' enhances F' (19%) and A' (3%). 
Irradiation of F' enhances G' (20%) and B' (4%). 
Irradiation of B' enhances H' (2.5%), F' (5%) and A' (13%). 
Irradiation of A' enhances G' (3%), B' (15%) and the methyl doublet (< 1%). 
Irradiation of the methyl doublet enhances I' (10%), G' (2.5%), C' (3%) and A' 
(3%). 
All the NOE experiments are consistent with the proposed structure 259 in which the 
methyl doublet is on the endo face of the molecule while the acetate is on the exo 
face. The different enhancements observed confirm unequivocally this result; in 
particular the large 10% signal recorded on irradiation of the methyl doublet is 
spectacular (Figure 23). 
During the hydrogenation of the 1 -hydroxy dihydro analogue 222 under a few 
experimental conditions two major compounds 260 and 261 were formed (Scheme 
106). Another minor isomer (doublet at 0.80 ppm, 7.1 Hz) could also be observed in 
some cases. The diastereoselectivity relating the two major isomers is poor, the best 
















Catalyst Solvent 260 : 261 
5% Rh-C EtOH 2:la 
5% Rh-C EtOAc b 
5% Rh-A10 EtOH 1.8: la 
5% Pd-CaCO 3 EtOH 1:1.5 
Table 23 - Hydrogenation of 1,2-dihydro-1-hydroxy-7-methylpyrrolizin-3-one 222 
a) presence of a third minor isomer - b) no reaction 
Assuming the pyrrole ring was hydrogenated in the cis-manner as usually 
observed, the assignment of the stereochemistry at C 1 was based on NOE 
experiments performed on the methyl doublet of each molecule, and confirmed by 
analysis of the multiplet pattern due to H 1 . In 260 irradiation enhances very weakly 
(<1%) the proton H 1 , which exhibits a triplet of doublet multiplicity (4.0 and 1.3 Hz) 
and in 261, a large enhancement (4%) of H 1 is observed. This signal is present as a 
triplet of doublet (8.0 and 5.9 Hz). As we already previously described, this 
difference of pattern is characteristic; in structures of type 257A (R= H, Me) a 
doublet of doublet (or triplet) pattern is found due to two relatively similar coupling 
constants (J 4.0-5.8 Hz), sometimes itself further split by a smaller coupling 
constant (J :!!~ 2.5 Hz). A doublet of doublet of doublets (or triplet of doublet) with 
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three relatively large coupling constants (J - 4.8-8.7 Hz) is characteristic of 
structures 257B. 
In the hydrogenation of the two disubstituted compounds 222 and 223, 
rhodium-based catalysts seem to favour the formation of structures 257A. Palladium 
catalysts tend to be more selective in favour of 257B. Better levels of 
stereoselectivity were attained from the acetoxy derivative 223. Hydrogenation of 
the latter in ethyl acetate over Rh-C was scaled up. The resulting diastereoisomeric 
mixture of 258 and 259 obtained in a 6: 1 ratio was reduced with lithium aluminium 
hydride, and the picrate salt was made affording a mixture of 262 and 263 in 88% 
yield (Scheme 107) Recrystallisation then gave pure retronecanol 262, whose 
melting point was identical with reported values.' 24  Retronecanol has previously 
been obtained by hydrogenolysis of the alkaloid monocrotaline,' 24 found in 
numerous leguminosae, and by hydrolysis of ehretinine,' 25 found in Ehretia aspera 
Willd. 
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Scheme 107 
However the ' 3C NMR data we collected from the free base of 262 were in 
complete disagreement with the only ones found in the literature. 
126  Having done a 
complete structure elucidation of the reduction precursor 258, we were quite sure of 
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our assignment but we nevertheless performed some extra NOE experiments, on the 
free base mixture, to confirm the structure. In particular: 
Irradiation of H 1 (= 4.29 ppm) enhances H7A  (4%). 
Irradiation of H7A (= 3.40 ppm) enhances H (4%) and H7 (2.5%). 
These results therefore confirm that the three protons on the 7-, 7A- and 1-positions 





Figure 25 - NOE results (%) on retronecanol base 262 
We also briefly investigated the route to pyrrolizidines bearing both the 
hydroxy and the hydroxymethyl groups, from 224 or 226 (Scheme 108). 
HOH2C 	OH 
AcOH2C 	OH Me02C 	OAc N or \ NN ? b 
224 0 	 226 
0 
Scheme 108 
Hydrogenation of 224 over Rh-C in ethanol leads to a complicated mixture 
containing four major products identified by 13C NMR spectroscopy as 260, 261 
(resulting from hydrogenolysis of the acetate group) and, presumably two isomers of 
264 (Scheme 109). 
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Scheme 109 
Hydrogenation over rhodium in acetic acid of the bulky molecule 226 again 
exhibits a low selectivity. The two major products 265 and 266 were formed in a 2: 
1 ratio. The stereochemistry at C, was determined by analysis of the 'H NMR 
multiplet of H,, according to the characteristics already mentioned: a triplet of 








C) DIELS-ALDER REACTIONS OF PYRROLIZIN-3-ONES 
Cl. DIELS-ALDER REACTIONS WITH ISOBENZOFURAN AND 
CYCLOPENTADIENE 
In this section [4+2] cycloaddition reactions of the pyrrolizin-3-one system 
with isobenzofuran (benzo[c]furan) and cyclopentadiene were investigated. The 1,2-
double bond of the parent pyrrolizinone 197 has previously been reported to react as 
the 2n-electron component in the Diels-Alder reaction with cyclopentadiene leading 
predominantly to the formation of the endo isomer. 69  The very reactive 47r-
component isobenzofuran 268 was prepared from commercially available 1,4-epoxy-
1,2,3,4-tetrahydronaphthalene 267 according to a literature procedure; 127  FVP of 267 
generates by retro Diels-Alder reaction isobenzofuran along with ethylene which is 








Compound 268 is not stable at room temperature and to prevent early 
polymerisation the cold finger trap (Section A3) was used. By rinsing the trap with a 
cold solvent (ether or acetone), isobenzofuran was quantitatively isolated in solution 
and directly reacted by adding it to a cold solution of a pyrrolizinone derivative. The 
parent compound 197 and some pyrrolizinones mono substituted at the 1- or 2-
position were reacted in such a way (Scheme 111 and Table 24). With compounds 
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bearing electron-withdrawing groups 167, 168 and 202, the characteristic red colour 
of pyrrolizinones disappeared within a few seconds indicating completion of the 
reaction within that short time. At the other end of the reactivity scale the methyl 
substituted pyrrolizinones 165 and 166 were much slower to react and decomposition 
of isobenzofuran prevented the reaction to i1go to completion. Pyrrolizinone itself 
(197) has an intermediate reactivity. 
RI 
C\ TN \_ R2 +  CN PR2  
Scheme 111 
Precursor Product R' R2 endo : exo Yield 
197 269 H H 90: 10 87% 
165 270 Me H 30 : 70 34% 
202 271 CO2Me H 96 : 4 81% 
166 272 H Me 72 : 28 56% 
168 273 H CO2Me 35 : 65 99% 
167 274 H CN 55 :45 74% 
Table 24 - Reaction of pyrrolizin-3-ones with isobenzofuran 
The stereochemistry of the major isomer 269 obtained from the parent 
pyrrolizin-3-one was established by X-ray crystallography (Figure 26 and Table 25). 
It is unequivocally the endo cycloadduct, with the dihydropyrrolizinone and the 
benzofuran moieties, lying on top of one another, being linked by the two newly 
created C 6-C 7 and C 14-C 15 bonds. The angle between the two aromatic subunits 
140 
Figure 26 - Plot of endo 269 with crystallographic numbering system 































































































(benzene/pyrrole) is 42.6 0  Concerning the dihydropyrrolizinone unit no significant 
difference in geometry is observed by comparison with the parent system,  87  except 
perhaps the angle between the pyrrole and the pyrrolidinone (5.2 against 3.0 0),  but 
the system remains essentially flat. 
The 'H NMR spectra of the different endo and exo isomers exhibit 
characteristic signals which allowed us to distinguish each isomer and evaluate the 
endo : exo ratios (Table 26). Using the crystallographic numbering system associated 
with Figure 26, the main features are: 
In the endo isomers the bridgehead methine protons H 7/H 14 show a 
coupling constant of about 4.4-5.9 Hz respectively with H 6/1-1 15 . No coupling or very 
small (unresolved) couplings are present in the exo isomer. These values result from 
different dihedral angles in each stereoisomer, as it is generally observed in furan 
cycloadducts. 127-129  
The protons 1-16/1-1 15  in the endo isomers are always at higher 
frequency (3.52-4.55 ppm) than those in the exo compounds (2.68-3.69 ppm). In the 
endo isomers substituted at C 6, as a consequence of (1) above, a doublet is observed 
for H 15 , while it is a singlet for the exo isomer. For the cycloadducts substituted at 
C 15 small couplings (J :!~ 1.0 Hz) are observed between H 6 and the pyrrole proton H 4 
in both isomers, which therefore imposes a further doublet splitting on the doublet 
and singlet, respectively observed for H 6 in the endo and exo compounds. 
The chemical shifts of the pyrrole ring protons in the endo isomers are 
consistently lower (EH 2= 0.59-0.70 ppm, AH3= 0.34-0.40 ppm, L.H4- 0.26-0.32 ppm) 
than in the other isomer as they are in the shielding zone of the benzene ring. 
From Table 24 it appears that the endo/exo stereoselectivity is greatly 
dependent on the substitution pattern of pyrrolizinones. The Diels-Alder reaction 
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H2 H3 H4 H6 H 15 H 7 H 14 
269 endo 6.39 (dd,3.3,0.9) 6.10 (t,3.3) 5.85 (dd,3.3,0.9) 4.04-4.11 (m)a  4.04-4.11 (m)a  5.51 (d,4.4) and 5.66 (d,5.0) 
exo 6.98 (dd,3.1,0.9) 6.44 (t,3.1) 6.11 (dd,3.1,0.9) 3.22 (d,6.0) and 3.33 (d,6.0) 5.30 (s) and 5.63 (s) 
270 endo 6.27 (dd,3.1,1.0) 6.04 (t,3.1) 5.75 (dd,3.1,1.0) - 3.52 (d,5.8) 5.04(s) 5.61 (d,5.8) 
exo 6.95 (dd,3.3,1.1) 6.43 (t,3.1) 6.01 (dd,3.3,1.1) - 2.68(s) 5.10 (s) and 5.53 (s) 
271 endo 6.38 (dd,3.2,1.1) 6.10 (t,3.2) 5.99 (dd,3.2,1.1) - 4.55 (d,5.9) 5.83 (s) 5.73 (d,5.9) 
exo _b 6.48 (t,3.1) 6.31 (dd,3.1,1.1) - _b ..b _b 
272 endo 6.33 (dd,3.1,1.0) 6.06 (t,3.1) 5.76 (dt,3.1,1.0) 3.60 (dd,5.5,1.0) - 5.45 (d,5.5) 5.07(s) 
exo _b 6.44 (t,3.1) 6.05 (m)b 2.81 (s) - 5.18 (s) and 5.30 (s) 
273 endo 6.34 (dd,3.3,1.0) 6.07 (t,3.3) 5.83 (dt,3.3,1.0) 4.33 (dd,5.5,1.0) - 5.49 (d,5.5) 5.93 (s) 
exo 6.99(dd,3.1,1.0) 6.46(t,3.1) 6.14(dt,3.1,1.0) 3.67(d,1.0) - 5.28 (s) and 5.71 (s) 
274 endo 6.40 (dd,3.3,0.9) 6.16 (t,3.3) 5.93 (dt,3.3,0.9) 4.45 (dd,5.3,0.9) - 5.68 (d,5.5) 5.86(s) 


















a) non first order signal - b) data unresolved from the mixture 
with the parent compound 197 and the 1-ester 202 give the endo isomers as the major 
products with high selectivity, respectively in 9 : 1 and 19 : 1 ratios. The other 
pyrrolizinones give both adducts, one or the other being slightly favoured without 
good selectivity. Although the endo product is usually the thermodynamically less 
stable form, it is often reported to be the predominant one in Diels-Alder reactions; 
this is often explained by a stabilisation of the endo transition state via the influence 
of favourable secondary orbital interactions. 
130-132  For example the stereochemical 
outcome observed in the cycloaddition of cyclopropene with cyclopentadiene or 1,3-
diphenylisobenzofuran was recently rationalised in this manner. 
133  Such stabilisation 
cannot be found in the exo transition state. No data on orbital energy levels or 
coefficients have been previously reported on the pyrrolizin-3-one system. Access to 
these data were attained by theoretical calculations, which were carried out at ab 
initio (MP2) level by Dr M. H. Palmer from this Department on pyrrolizinone itself 
(197) and the derivatives 202 (1-ester) and 168 (2-ester). In addition data for 
isobenzofuran 268 were obtained by similar methods. 
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268 	 197 	 202 	 168 
Figure 27 - Energy level (eV) diagram of isobenzofuran 268, pyrrolizin-3-one 197, 
1 -methoxycarbonylpyrrolizin-3 -one 202 and 2-methoxycarbonylpyrrolizin-3-one 168 
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The energy levels of the reactant molecular orbitals were calculated; the 
highest-occupied molecular orbital (HOMO) and the lowest-unoccupied molecular 
orbital (LUMO) in particular are shown on Figure 27. From this energy level 
diagram, it appears than the energy gaps are smallest between the HOMO of 
isobenzofuran and the LUMO of the three pyrrolizinones. We therefore have to 
consider the possible interactions, in the transition states leading to the endo and exo 
isomers, of the isobenzofuran HOMO with each pyrrolizinone LUMO. Each 
molecular orbital involved is represented with the associated signs of lobes as well as 









Figure 28 - HOMO of isobenzofuran 268 
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Figure 30 - LUMO of 1 -methoxycarbonylpyrrolizin-3-one 202 
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Figure 31 - LUMO of 2-methoxycarbonylpyrrolizin-3 -one 168 
The X-ray structure of the endo product 269 shows that, in addition to the 
two newly formed C 6-C7 and C 14-C 15 bonds, almost all atomic centres issued from 
both reactants are close in space (Figures 26 and 32). These atom pairs - in particular 
C5/C8 , C 16/C 13 but also C4/C9, C3/C 10, C2/C 11 and 0 16/C 12 - bear secondary orbitals of 
matching symmetry, which means that in the transition state they can partially 
overlap, therefore leading to an extra stabilisation. Consequently the endo product is 
favoured over the exo product for which no secondary orbital overlap can be found 
(the oxygen atom of isobenzofuran being nodal in that case). 
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Figure 32 - X-ray structure of endo 269 as a model for the transition state of the 
cycloaddition. Atomic orbital signs of the LUMO (197) and HOMO (268) are also 
shown. 
The LUMO levels of the two esters 202 and 168 are much lowered by 
comparison with that of the parent compound 197, hence reducing the energy gap 
between LUMO (pyrrolizinone) and HOMO (isobenzofuran). This provides a 
theoretical explanation for the observation that the rates of cycloaddition are much 
faster for the ester derivatives. Orbitals of similar symmetry to that of 197 are found 
in the LUMO's of the ester derivatives 168 and 202, and the differences in orbital 
coefficient values are not much affected by the substituent. The only major 
difference is the lower electronic density around C 1 -C2 , the secondary centre 
coefficients remaining strong. A similar approach to that for the parent cycloadduct 
269 would therefore predict a high selectivity towards the formation of the endo 
product. This works out very well with the 1-ester 202 but the results obtained from 
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the 2-ester 168 are in opposition with the prediction, the exo isomer being even 
slightly favoured. We initially considered the possibility of steric effect in the bulky 
ester but an absence of selectivity is also observed from the 2-cyanopyrrolizinone 
167 in which steric effect would be expected to be minimal. 
At this point we checked that the observed endo exo distributions were those 
obtained under kinetic control; this seems to be the case as under more drastic 
conditions than those we used (heating at 60 °C for 4 h), the adducts 269 and 273 did 
not show any change in the exo : endo ratios. The formation of compound 269 and 
the selectivity observed was unaffected in absence of light. The distribution endo 
exo was also checked to be independent of solvents.' 
34  The poor selectivity observed 
in the case of the methyl substituted adducts 270 and 272 could be due to the fact that 
methyl groups themselves can compete for the endo position via their own attractive 
secondary interactions. 134  Similar competition of the ester group for the endo 
position is unlikely to explain the difference observed in the behaviour of the two 
ester derivatives. 
Overall the secondary orbital explanation provides rationalization of the 
observed results with pyrrolizinone itself, the derivative containing an electron-
withdrawing group at the 1-position and the two methylated compounds. However it 
is not satisfactory for the derivatives bearing an electron-withdrawing at the 2-
position for reasons we do not understand at this stage.. 
The results obtained from Diels-Alder reaction with cyclopentadiene seem to 
follow the same pattern as above, the endo isomers being very highly favoured from 
197 and 202 (Scheme 112 and Table 27), which suggests that the main secondary 
orbital interactions are limited to the 2- and 3- centres of the diene (cyclopentadiene 
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or isobenzofuran). The stereochemistry assignments and ratio determination for 276- 
278 were based on the 'H NMR spectroscopy results obtained on the parent 
cycloadducts 275. 69  
RI 
CN \ — R2+ 
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Scheme 112 
Precursor Product R' R2 endo exo Yield 
197 275 H H 95:5 71% 
202 276 CO2Me H 96 : 4 81% 
168 277 H CO2Me 48 : 52 89% 
167 278 H CN 80 : 20 67% 
Table 27 - Reaction of pyrrolizin-3-ones with cyclopentadiene 
C2. FORMATION OF PYRROLAM A 
The cycloaddition reactions of pyrrolizin-3-ones were thought to be useful as 
a protection step to introduce the unsaturation present at the 1,2-position in some 
necine bases. This was demonstrated by the synthesis of the 1,2-
dehydropyrrolizidin-3-one, pyrrolam A. (R)-Pyrrolam A 17 has been isolated from a 
culture broth of Streptomyces olivaceous. 17 It was found to influence the embryonic 
development of the fish Brachydanio rerio, causing in particular egg damage and 
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edema formation. Chiral syntheses of both enantiomeric forms have been recently 
reported (Scheme 113). The natural (R) form was made, either from the parent 
pyrrolizidinone 1 via addition of benzeneselenol followed by oxidative elimination, 18 
or from 279 by successive ozone oxidation, trifluorosulfonylation and tributyltin 
hydride reduction. 135 (S)-pyrrolam A was obtained in 93.5% ee. by heating the 
mesylate 16, obtained from the corresponding hydroxy compound, in presence of 
triethylamine. 5 Racemic pyrroiam had previously been obtained similarly from 16.28 
It has also been isolated as a by-product from the reaction of succinimide and 
cyclopropyltriphenyiphosphonium bromide in presence of base. 
136 
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We initially studied the use of cyclopentadiene as the protecting group. 
However hydrogenation of the adduct 275 initially saturated the cyclopentene ring 
giving 280 which further afforded the saturated system 281 (Scheme 114). This 
route was therefore abandoned. The alternative isobenzofuran route was followed 
(Scheme 115). Preparation of pure endo material 269 was achieved in 74% yield by 
recrystallisation of the reaction mixture obtained from pyrrolizin-3-one and 
isobenzofuran. Hydrogenation then took place in a stereoselective manner from the 
least hindered face of the adduct to afford as a single product 282, whose structure 
was confirmed by X-ray crystallography (Figure 33 and Table 28). Regeneration of 
the 1,2-double bond was achieved by retro Diels-Alder reaction by FVP at 600 °C 
using the cold finger trap. The cold trap onto which pyrrolam A and isobenzofuran 
had condensed was rinsed with a solution of maleic acid in acetone. This powerful 
dienophile effectively reacts with isobenzofuran then preventing 282 to be reformed. 
A simple basic aqueous work-up of the resulting reaction mixture removes 283 and 
affords in good yield pyrrolam A as a clear oil. 
The X-ray stucture determination of 282 shows that the global shape of the 
endo precursor is conserved, the main differences directly resulting from the 
conversion of the pyrrole to a pyrrolidine ring. The first consequence due to the 
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Scheme 115 
newly sp3 hybridised C2, C3 , C4 and C 5 atoms is the loss of the planarity of the 
corresponding system and the associated modification in the angle values. The 
resulting angle observed between the two average planes N(1)-C(2)-C(3)-C(4)-C(5) 
and N(1)-C(5)-C(6)-C(15)-C(16) of the pyrrolizidinone moiety is now 30.1 0  The 
bond length C(5)-C(6) in 282 is also much longer [1.535 (2) A] than in 269 [1.495 
(3) A], and the angle C(5)-C(6)-C(7) is also larger [122.30 (12) 0  against 116.0 (2) 0] 
to accommodate the changes at C 5 in particular. The other major change concerns 
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Figure 33 - Plot of endo 282 with crystallographic numbering system 


















C( 11)-C(12) 1.387(3) 
C(12)-C(13) 1.379(2) 
C(13)-C(14) 1.512(2) 











C(4)-C(5)-C(6) 125. 19(13) 
C(5)-C(6)-C(15) 104.36(12) 


















C(13)-C(14)-C(15) 107 .80(12) 
C(16)-C(15)-C(6) 105.59(12) 
C(16)-C(15)-C(14) 113 .30(12) 
C(6)-C(15)-C(14) 101.72(12) 
0(16)-C(16)-N(1) 126.41(15) 
0(16)-C(16)-C(15) 125 .91(14) 
N(1)-C(16)-C(15) 107 .64(12) 
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the lactam function for which the delocalisation of the nitrogen lone pair into the 
carbonyl is apparent from the bond lengths N(1)-C(16) [1.335 (2) A] and C(16)-
0(16) [1.229 (2) A] typical of the values observed in y-lactams [respectively 1.331 
(11) A and 1.225 (11) A],88 while it was very limited in the precursor 269 because of 
the competing delocalisation in the pyrrole moiety, resulting in longer N( 1 )-C( 16) 
[1.387 (2) A] and shorter C(16)-0(16) [1.210 (2) A]. 
Extension of the methodology to the synthesis of supinidine 284 was 
attempted from 271 but hydrogenation of this precursor at 50 PSI did not take place 









Pyrrolam A could also be obtained by FVP of cis- 1-acetoxypyrrolizidin-3-
one 249 (the major hydrogenation diastereoisomer, Section 133c) but the procedure 
has not been optimised. Thermal elimination of acetic acid from 1 -acetoxy- 1,2-
dihydropyrrolizin-3-one with regeneration of the 1 ,2-unsaturation has initially been 
established, as previously reported on another. derivative. 69  With the trans-perhydro 
system 250 a problem of regio selectivity could have occurred because of competitive 
cis-eliminations of hydrogen atoms at both the positions C 2 and C7A of the 
compound. With the cis-isomer 249 however only pyrrolam A was expected as the 
Es 
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cis-elimination can only occur at C 2 , H7A being trans to OAc. At 600 °C the 1 H 
NMR spectrum of the crude pyrolysate showed that pyrrolam A 17 was effectively 
the only product formed, accompanied by some remaining starting material. FVP at 
650 °C followed by dry flash chromatography afforded in low yield a mixture 
containing pyrrolam A and the compounds 285 and 286 in the respective ratios 5 : 3 
2 (Scheme 117). The last two products were apparently formed adventitiously by 
addition of water and ethanol respectively during the work-up. 
H OAc 
i) FVP 650 °C 
10 <CN 	ii) chromatography <CQ 






286 R= Et 
In this present experiment we did not investigate the sources of 285 and 286 
in detail but we nevertheless performed a control experiment; pure pyrrolam A was 
preadsorbed on a silica gel column, a solution of chloroform and methanol was added 
and the column was kept wet using the same mixture of solvents, for 6 days at room 
temperature. Chromatography of the residues then afforded recovered pyrrolam A, 
the methoxy derivative 287 and the hydroxy derivative 285, respectively in the ratios 
4 5 : 1. This therefore proved that pyrrolam A is sensitive to nucleophiles at the 
7A-position in presence of silica, possibly by the mechanism shown in Scheme 118. 
This seems to indicate that the compounds 285 and 287 isolated by Grote were due to 
this rearrangement during the work-up procedure as suggested. 17  Pyrrolam A was 
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We also briefly investigated the thermal dehydration of the hydroxy 
pyrrolizidinone 252, by FVP at 350 °C over 3 A and 5 A molecular sieves (Scheme 
119). In both cases pyrrolam A was produced but only as a minor product, while 1,2-
dihydro- and pyrrolizin-3-one 211 and 197 were surprisingly found to be the major 
products. A fourth unidentified compound was also formed. Dehydrogenation at 
such a low temperature is not common but very little is known of the mode of action 
of molecular sieves.  79  At 500 °C under similar FVP conditions (over 5 A molecular 
sieves) the parent hexahydropyrrolizinone 1 also provided a very small amount (7%) 
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Scheme 119 
Pyrrolam A was also thought to be attainable by hydrogenation, followed by 
oxidation and elimination, of 1 ,2-dihydro- 1 -phenylthiopyrrolizin-3-one 288 (see 






D) INVESTIGATION OF THE KINETICS OF THE METHANOLIC 
RING-OPENING OF PYRROLIZIN-3-ONES 
Dl. PRELIMINARIES 
As 	reported 	in 	Section 	133b, 	the 	hydrogenation 	of 7- 
methoxycarbonylpyrrolizin-3-one 176 in ethanol leads to the formation of the pyrrol-
2-ylpropanoate ester 246 (Scheme 96), which implies that ring opening of the bicycle 
has occurred, either from 176 or following the hydrogenation of the 1,2-double bond. 
This result, unlike the known stability of the parent pyrrolizinone in neutral 
methanol, 120  prompted us to investigate the difference of stability observed. 
When dissolved in neutral methanol, compound 176 afforded within a few 
minutes the cis-propenoate ester 201 (Scheme 120). In a mixture of water and 
acetone, 176 is also ring-opened, although in a slower fashion, partially to afford the 
propenoic acid 289 with unreacted pyrrolizinone. In basic solutions such as sodium 
alkoxides or hydroxides the pyrrolizinone system is known to undergo almost 
immediate ring opening. 68  Under such conditions the acid 289 was obtained in 91% 
yield. 
CO2Me CO2Me 




176 	 201 R= Me 	88% 
289 R=H 10% 
Scheme 120 
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Similarly ring opening of the unstable pyrrolizinone 202 occurred almost 
instantaneously with sodium ethoxide to afford the diester 200 in which the original 
methyl ester group has been displaced by the ethanoate anion (Scheme 121). We 
also found that pyrrolizin-3-one reacts as readily with magnesium methoxide. 
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Scheme 121 
D2. RATE CONSTANT DETERMINATION 
We initially studied the relative rates of ring opening of the 7-ester 176 and 
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Scheme 122 
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An equimolar mixture of the two systems was dissolved in [2H4]methanol and 
the two competing reactions were monitored by 1 H NMR spectroscopy via decreases 
in the integral of characteristic starting material signals and appearances of product 
signals (see experimental Section). For each of the two systems the pseudo-first 
order kinetics was expected as the nucleophile - the solvent itself - was in large 
excess. Assuming the first order in both [176] and [CD 30D] the rate v of the ring 
opening of the unsaturated system 176 is: 
v = - d[176] / dt = k 1 , [176] [CD30D] 
which can be written as 
v = - d[176] / dt = k 1 ' [176] 	with k' = k 1 [CD30D] = 24.6 k 
(because the change in the solvent concentration is negligible) 
Integrating from time = 0 to time = t it follows 
In { [176]tI[176]o } =- k' ,t 
which can be rewritten as 
In { i + [290] / [176] } = k 1 ' , t 
where [176] = concentration of 176 at time t 
[290] = concentration of 290 at time t 
k 1 ' = pseudo-rate constant 
k 1 = absolute rate constant 
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Therefore, if the first order in 176 is followed, the plot of In { 1 + [290] I 
[ 176] } versus the time t should give a straight line of slope k 1 '. For the ring 
opening of 241 we would similarly have 
ln{ 1 + [291] t / [2411 t  } = k' t 
As shown in Figure 34 the plots obtained were indeed straight lines which 
validate the pseudo-first order assumed earlier. The values of the two slopes were 
calculated by a linear regression program. The resulting absolute rate constants 
found are: 
k 1 = 1.14 , 10 -2 min'dm3mol' 
. - 
k2 = 7.72 , 10 -4  mm 
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Figure 34 - Plots of in { 1 + [290] I [176] } and in { 1 + [291] I 241] } 
against the time t 
163 
It then appears that the ring opening of the unsaturated system is faster than 
that of the 1 ,2-dihydro derivative by slightly more than a ten-fold magnitude (k 1 / k2 
= 15). This correlates the results of Agosta who found that the pyrrolizinone 292 in a 
sodium ethoxide solution is slightly more rapidly cleaved (two-fold factor) than its 
dihydro derivative." This small difference of reactivity of the pyrrolizinone system 
can possibly be explained by a slightly better stabilisation of the pyrrole anion 
intermediate via delocalisation of the negative charge into the propenoate chain. This 
effect nevertheless remains small as the main stabilisation is probably due to the ester 





A similar study of the relative rates of ring opening between 176 and the 
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Scheme 123 
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The reaction rate of 170 is similarly expressed by in { I + [293] I [170] } = 
k3 ' t. By a similar treatment (Figure 35) the slope of the experimental curves allow 
us to calculate the two rate constants: 
k 1 = 3.19 , 10-3 min I 	3 dm mol-I 







Figure 35 - Plots of in { 1 + [290] / [176] } and in { 1 + [293] / [170] } 
against the time t 
A small difference is observed between the two pyrroiizinones, 176 being 
more readily opened than 170 (k 1 / k3 = 8) but no clear reasons seem to explain this 
difference, except maybe a difference of hindrance near the lactam centre. 
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A first limitation of the methodology is illustrated by the inconsistency of the 
values obtained for the rate constants k 1 which differ by more than a three-fold factor 
between the two experiments. Such discrepancy has previously been observed in the 
kinetic study of the competitive ring opening of azapyrrolizinones; it had been 
concluded that a catalytic influence was affecting the methanolysis. 69 The method 
used above is therefore not adequate to measure the absolute rate constants. 
However the relative rate constants we determined should not be affected as the 
catalytic effect is the same for both reactants. Another drawback is the relative 
slowness of the reaction, which can be encountered with other systems. With the 1-
ester 202 for example the ring opening in [2H4]methanol was not even observed as 
the competing dimerisation occurred first. 
In order to avoid these problems and carry out a systematic study of the 
reactivity of pyrrolizinones towards methanolysis we decided to follow the ring 









The reaction was monitored by ultraviolet spectroscopy using the SFA-20 
Rapid Kinetics Stopped-Flow Apparatus. In practice a sodium methoxide solution 
was prepared, titrated against a standard, and a methanolic solution of pyrrolizinone 
was prepared accordingly to ensure that [NaOMe] / [pyrrolizinone] > 10, ie. the 
changes in the concentration of NaOMe can be considered as negligible by 
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comparison with the changes in the pyrrolizinone concentration. In that way, 
assuming that the first order in pyrrolizinone P is followed, the rate v of ring opening 
can be written as 
v = - d[P] / dt = k' [P] 	with k' = k , [MeO] 
k' = pseudo-rate constant 
k = absolute rate constant 
n = order in [Me0] 
[P] = concentration of pyrrolizinone P 
or from the Beer-Lambert law in which the absorbance A of a solution is related to 
its concentration c by A = c , 1 c, it follows: 
AA=Exlx{[P] c,[P]}='Exlx[P] 
where [P],0 = concentration at infinite time = 0 
absorbance at infinite time 
dA=Elxd[P] 
consequently: 




In {(A-A) / (A.-A.)) = - k' t (with A0 = absorbance at time t = 0) 
The following exponential law is therefore expected to be followed: 
A = (AO-A.) exp(-k' t) + Ac , 
For a variety of pyrrolizinones we followed the decay in absorbance at a 
specific wavelength 2. characteristic of the system (400 :! ~ X :!~ 460 nn). At this 
wavelength the ring-opened product does not absorb. The UV I Visible absorption 
maxima of a selection of pyrrolizinones recorded during this work are shown in 
Table 29; the two characteristic absorption bands at 260-330 nm and 405-460 nm are 
observed. 68 
Substituent Xmax / nm (logs) 
1-Me 278 (3.73) 419 (2.97) 
2-Me 287 (3.67) 420 (2.81) 
5-Me 292 (3.88) 439 (3.13) 
7-Me 307 (3.49) 418 (2.64) 
7-OMe 331 (3.84) 412 (3.17) 
6-Br 297 (3.98) 423 (2.91) 
1-CO2Me 313 (~: 3.51) 438 (~: 2.72) 
2-CO2Me 305 (3.59) 455 (3.07) 
2-CN 302 (3.74) 459 (3.10) 
6-Ac 260 (4.27) 405 (2.87) 
Table 29 - UV I Visible absorption maxima of pyrrolizin-3-ones in methanol 
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The type of curves we obtained during this study all show a fast decay of 
pyrrolizinones over a short period of time, the absorbance decreasing in an 
exponential manner. For example Figure 36 shows the decrease in absorbance 
recorded at .420 nm during the ring opening of the parent compound 197 at 25 °C 
with a 50 times excess of sodium methoxide. The best fit, found by the curve fitting 
program, was the exponential function which implies that the reaction is effectively 
first order in [pyrrolizinone]. The pseudo-rate constant k' were calculated by the 
program. In order to calculate the absolute rate constant k we need to check the 
anticipated first-order in sodium methoxide. A few runs were made with the parent 
compound in which the pyrrolizinone concentration was maintained constant while 
the sodium methoxide concentration was varied (the condition [NaOMe] / 
[pyrrolizinone]> 10 being still respected) and the values of the pseudo-rate constants 








Figure 36 - Absorbance against time observed at 420 nm during the ring-opening of 
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Figure 37 - Pseudo-rate constants against [NaOMe] for the ring-opening of 
pyrrolizin-3 -one 
A straight line was obtained which means that the pseudo-rate. constant is 
directly proportional to [NaOMe] ie. the order is one in [NaOMe]. The reaction is 
therefore second-order as expected from its stoichiometric equation (Scheme 124). 
The absolute (second-order) rate constants k can then be calculated from the relation 
k' = k [NaOMe]'. However a 1/2 correction factor has to be introduced as the 
concentration of NaOMe prepared is diluted by two when equal amounts of both 
reactants are mixed in the UV cell. Therefore we have k = 2k' / [NaOMe] where 
[NaOMe] is the concentration of NaOMe titrated (before mixing). 
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The activation energy E a of the ring-opening of the parent pyrrolizin-3-one 
was also determined. It is related to the absolute rate constant by the Arrhenius 
equation k = A exp(-E a / RT) which can be written in its logarithmic form as: 
Ink = In A - Ea  / RT 
The experiment was repeated at different temperatures (21.1 °C, 25.5 °C, 30.6 °C and 
35.5 °C), the rate constants were determined and in k was plotted against l/T (Figure 
38). This gave a straight line with: 
an intercept on the in k axis of 23.356 (= in A) 
A=1.39l0 10 s -1 dm 3  mol 
a slope of -6002 (= E a/R) 
E= 49904 Jmor' 49.9 kJmo1 
Therefore the complete rate expression for the ring opening of 197 is: 
- d[197]/dt = 1.39 1010  exp(-49904/RT) [197] [NaOMe] 
The absolute rate constants k of a variety of monosubstituted pyrrolizin-3-
ones and some derivatives have similarly been determined at 25 °C from the pseudo-
rate constant values k' and, have been related to the rate k 197 of the unsubstituted 
parent compound by calculation of the relative rate k/k 197 (Table 30). To ensure the 
reproducibility of the results the experiments were at least duplicated for each 
compound, and an average value of k' was calculated. In most cases the errors are 










l/T (K- ') 
Figure 38 - in k against l/T for the ring-opening of pyrrolizinone 
This is illustrated in particular with the 2-cyano derivative 167 (error> 60%) whose 
high reactivity was at the limit of detection of the Stopped-Flow Apparatus, even 
with the precautions of keeping the concentration of reactants as low as possible. 
Huge differences of reactivity towards ring-opening are observed which are 
extremely dependent on substitutents. Compounds with electron-withdrawing 
groups (Ac, CN, CO 2R) or a bromine atom are much more readily opened - there is 
for example a 6700-fold factor between the 2-cyano derivative and the unsubstituted 
pyrrolizin-3-one - while methyl (5- to 17-fold factor) and methoxy groups (50-fold 
factor) slow down the reaction. Almost no difference of reactivity is observed with 
an aromatic substituent (Ph) or the derivatives 296 and 297. 
Qualitatively those differences seem to reflect the stability of the intermediate 
298; an electron-withdrawing group will stabilise the negative species by inductive 
172 
Compound Substituent k' (s- ') k (sdm3mo1) k / k197 
197 1.39±0.02 29.7 1 
165 1-Me 0.243±0.002 5.19 0.17 
166 2-Me 0.286±0.001 6.05 0.20 
169 5-Me 0.0816±0.0003 1.72 0.058 
174 7-Me 0.119±0.001 2.54 0.086 
294 6-Ph 3.31±0.14 68.7 2.3 
175 7-OMe 0.293±0.07 0.601 0.020 
171 6-Br 28.9±0.2 600 20 
202 1-CO2Me 75.5±0.2 1635 55 
168 2-CO2Me 14.1±0.5 10166 342 
167 2-CN 94±58 199219 6705 
170 5-CO2Et 0.576±0.002 406 13.7 
172 6-Ac 2.53±0.04 2622 88 
173 6-CO2Me 1.92±0.03 1990 67 




44.8±5.7 2254 76 
296 1.83±0.01 39.4 1.3 
297 1.95±0.01 42.1 1.4 
Table 30 - Pseudo-, absolute- and relative- rate constants for the ring opening of 







effect (-I) and through-conjugation (-M). The second nitrogen atom in the imidazole 
analogue of 298 also affords an extra stabilisation of the negative charge which 
explains why the aza structure 295 is more readily cleaved than its analogue 197. 
Electronic transmission from methyl groups occurs via inductive donor effect (+1) 
which destabilises 298 and consequently slows down its formation. The 
destabilisation by the methoxy electron-donating group (+M) is slightly stronger. 
The reactivity is also dependent, although to a lesser extent, on the position of 
substituents within the molecule. In the methyl series pyrrolizinones substituted at a 
pyrrole position (5 or 7) are cleaved Ca. 2-3 times more slowly than those substituted 
at the 1- or 2-position, which is consistent with unfavourable direct electronic 
transmission into the pyrrole. The order of magnitude in the ester series is much 
larger with almost a 25-fold difference between the most reactive (2-ester) and the 
less reactive (5-ester) derivative. It is interesting to note that the relative rate of ring 
opening of 176 to 170 (krei = 9) is similar to that obtained under neutral conditions 
(krei  = 8). The lowest reactivity of 170 (5-ester) might be due to specific steric 
interactions with the nucleophile. The fact that the ester derivatives substituted at the 
1-, 6- or 7-position show a rather similar facility of ring-opening would suggest that 
the inductive effect is the main factor to take into account, as the negative charge 
cannot be delocalised conjugatively into the 1-ester. However ester substitution at 
the 2-position accelerates even more the rate of ring opening showing that 
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Figure 39 - Hammett's plot for the ring-opening of pyrrolizin-3-ones in sodium 
methoxide at 25 °C 
We applied the quantitative treatment expressed by Hammett linking kinetic 
or thermodynamic behaviour to substituent parameters. ' 37" 38 Although it was 
initially first established for benzene derivatives, the Hammett equation has been 
applied to other heterocycles, pyrrole included.' 39  In our case the Hammett equation 
is expressed by log (k / k 197) = 	p where p is the reaction constant (independent of 
substituents) and a is the substituent constant (which depends on the nature and the 
position of substituents). The a parameter values used were a m for the substituents 
at the 1-position and c 1, for the substituents at the 2-, 5-, 6- and 7-positions. The 
parameters were used instead of a, for electron-withdrawing substituents as they take 
into account the conjugation which can exist. 140  The log (k / k 197) ' s were then 
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plotted against the a constant (Figure 39). It gives a reasonably good straight line of 
slope p = 3.6; this high positive value again expresses that the rate of ring-opening is 
extremely dependent on substituents and also that the primary product is an anionic 
species. The worst fit corresponds to the 5-ester 170 for which steric interactions 
(not taken into account in the Hammett treatment) may intervene. 
These ' results clearly demonstrate that the compounds most stable to 
nucleophilic attack are those bearing methyl or methoxy groups; this could be 
presumably be applied to the stabilisation of the most sensitive - electron-
withdrawing group bearing - pyrrolizinones by adding extra alkyl or electron-
donating substituents. This could be illustrated by the comparison of the absolute 
rate constants found for compound 173 and 292 (Figure 40). Although the 
experimental conditions may slightly differ Agosta found that the pseudo-rate 
constant of ring opening of 292 at 25 °C was 0.31 min 1 , 64 which corresponds to an 
absolute rate constant of 1550 min 1 dm3mol' ie. 26 s 1 dm3mor
1 . For 173 this value 
was 1990 sdm3mor', which means that the ring opening of the 6-ester derivative 
has been slowed down by a 77-fold factor by adding the two methyl substituents. 
Me 
MeO2C 
— \ Q 
Me 	0 
k= 26 s 1 dm3mol 
Me02C--(T ') 
292 	 173 
0 
k= 1990 s 1 dm3mor' 
Figure 40 
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D3. SYNTHESIS OF CIS-UROCANIC ACID 
Another application of the previous kinetics study was the synthesis of cis-
urocanic acid, a naturally occurring compound in the skin. 
The trans-isomer of urocanic acid is a major chemical component of the 
epidermis. It is formed from histidine by the enzyme histidase in the stratum 
comeum. Upon ultraviolet irradiation of the skin trans-urocanic acid 299 isomerises 
to the cis-form 300, which is of current biomedical interest (Scheme 125). This 
photoisomerisation from the commercially available trans-isomer is the only known 
route to cis-urocanic acid. However an equilibrium between the two isomers is 
attained (the conversion reaches 70%) which consequently requires a 
chromatographic separation. 141,142 
CO2H UV N'1\ 
CO2H 
	
H 	 H 
299 300 
Scheme 125 
Cis-urocanic has been shown to have an unequivocal effect on the body's 
immune system. It is known to have an immunosuppressive effect in vivo or in vitro 
and can interact with different types of cells in different localities. Its mode of action 
is not, as yet, clear. There is however great interest in its immunosupressive action 
which could have possible useful clinical applications for instance in the treatment of 
diseases such as psoriasis or in the prevention of the rejection of skin grafts. 143 
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The precursor of cis-urocanic acid, the azapyrrolizinone 295 was prepared by 
Flash Vacuum Pyrolysis at 850 °C of the trans-ester 301. Although this route has 
been previously developed and reported , 96 there have been problems in some 
pyrolyses due to the presence of insoluble polymeric impurities, which were thought 
to be caused by thermal degradation of 295. Hence to avoid such decomposition 
problems, the cold finger trap was used and the pyrolysate was directly rinsed with a 
solvent at low temperature. For instance when methanol was used, ring-opening of 
the bicycle occurred and the cis-propenoate ester 302 was obtained as the only 













Alternatively compound 295 could be ring-opened with water by initial 
dissolution in neutral aqueous tetrahydrofuran and heating at reflux for three hours 
(Scheme 127). The solvents were removed under vacuum and dry flash 
chromatography of the residues was carried out. [Initial attempts to purify directly 
300 by recrystallisation or sublimation failed]. Elution with ethyl acetate allowed us 
to isolate a compound identified by X-ray crystallography (Figure 41 and Table 31) 
as 4-ethynylimidazole 303. A fully coupled ' 3C NMR in particular confirmed the 
presence of an ethynyl group with a proton-carbon coupling constant value ( ' JcH = 
251.9 Hz) characteristic of alkynes.' 44 Further elution with a mixture of ethyl acetate 
and methanol (4: 1) afforded the targetted ring-opened product cis-urocanic acid 300 
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Scheme 127 
The formation of the alkyne 303 was unexpected but its presence has also 
been detected by 'H NMR in the crude pyrolysates (before the hydrolysis) which 
indicates it is formed during the FVP step. This could be the result of a poor 
temperature control observed during the experiment as this compound has never been 
detected in earlier work. 96  By optimising the furnace temperature it should be 
possible to avoid its formation which would lead to higher yields of cis-urocanic 
acid. Compound 303 is presumably a thermal degradation product of the 
azapyrrolizinone 295. A possible mechanism could involve decarbonylation of the 
ring-opened ketene 304 and rearrangement of the resulting carbene intermediate 
(Scheme 128). 
















The bond lengths and angles in the imidazole 303 are fairly similar to those of 
the parent imidazole. A slight difference can be observed in the values of the angles 
N(1)-C(2)-N(3) [113.0 (4)°] and C(2)-N(3)-C(4) [103.7 (4) 0] which are respectively 
bigger and smaller than for the parent system [respectively 111.3 (3)° and 105.4 
(3)o]•145 Small differences of bond lengths are also observed but are not significant. 
The bond length C(41)-C(42) [1.187 (7) A] is also typical of an alkyne [1.189 (10) 
A]. 88 This is the first simple ethynylimidazole structure to be reported. 
Figure 41 - Plot of 303 with crystallographic numbering system 
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E) OTHER PROPERTIES OF PYRROLIZIN-3-ONES 
El. FORMATION OF C1 -C BONDS 
In this section are reported different attempts to find alternative ways of 
introducing an alkyl derivative substituent at the 1-position of pyrrolizin-3-one. 
(a) 	Reactions with organometallic species 
Upon treatment at -78 °C with a solution of methyl lithium in excess and-
further stirring at 0 °C for 3 h, pyrrolizinone 197 gave solely the ring-opening 
product 305, resulting from the addition of two methyl lithium equivalents at the 
carbonyl centre (Scheme 129). The regioselectivity of this reaction appears to be 
temperature dependent as the formation of 305 was accompanied by the ketone 
derivative 306 - in the respective ratio 5 : 1 - when the addition was performed at 
MeLi (2.3 eq) 
CR\N -78 oct 3 h 	C\N 	Me then 0 °ct 3 h 'H HO Me 
197 	 305 
MeLi (2.7 eq) 
RTt2.5h 
Me 0 
Me C\N CfMe  
'H HO M 	
+ \ N 
e H 306 
5 	: 	1 
Scheme 129 
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0 °C and the reaction mixture further stirred at room temperature. Compound 306 
results from the addition of one of the methyl lithium moieties in a Michael-type 
manner. Its ' 3C NMR spectrum is consistent with the proposed structure, showing in 
particular a characteristic ketone chemical shift at 209.46 ppm. 
Alternatively treatment of 197 with dimethylcuprate in presence of 
trimethylsilyichioride (TMSCI) gave the Michael addition product 230 isolated in 
15% yield after dry flash column chromatography, no ring-opening product being 
observed (Scheme 130). Dimethylcuprate was formed by addition of two moles of 
methyl lithium to one mole of copper(I) iodide. No formation of any identifiable 
product was observed when the experiment was carried out in absence of TMSC1, 
which is therefore necessary for the success of the reaction. Similar behaviour has 
been observed in the 1,4-addition of cuprates to a,13-unsaturated  amides, for which 
no reactions have been observed without this additive. 146 
2 MeLi + Cul 	go 	MeCuLi + Lii 
Me 
TMSC1 
+ Me2CuLi -78 °C to RT
so, 	
C\N  
197 	 230 
Scheme 130 
These results are consistent with the known differences of reactivity observed 
between alkyl lithium and organocuprates in the reaction with a,1 3-unsaturated 
carbonyl compounds. 147  Alkyl lithium reagents react preferentially at the carbonyl 
centre whereas a preference for the 1,4- Michael-type addition product is 
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characteristic of the reaction of organocuprates. Grignard reagents have an 
intermediate selectivity. With pyrrolizinone however no identifiable product could 
be observed from the reaction with methylmagnesium bromide. 
Recent work has shown that 3H-pyrrolizine can be obtained in high yield by 
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By analogy FVP of the propenol derivative 305 was attempted at 650 °C but 
in addition to the expected product 308 minor (unidentified) impurities were 
observed in the crude pyrolysate. The presence of these impurities could be 
minimised by decreasing the furnace temperature to 550 °C; 3,3-dimethyl-3H-
pyrrolizine 308 was then obtained in 64% yield after purification by distillation. The 
mechanism probably involves a pericyclic process with initial loss of water and 
subsequent ring closure of the intermediate generated onto the pyrrole nitrogen 
183 
(Scheme 132). The cyclization step is a hetero analogue of reactions previously 
151 reported by Griesbeck. 148,149 	 109 Both pyrrolizines 216 '150 and 308 	have been 
previously synthesised in solution and a very detailed 'H NMR study - later corrected 
by the present author 87 - of the parent compound 216 has been made by Hejdhues.' 52 
The proton 'H NMR chemical shifts and relative coupling constants were assigned 
using decoupling experiments. Similar long range coupling constants (5J15 , 6J26) to 
those observed in 3H-pyrrolizine 216 and pyrrolizin-3-one exist (Figure 42). 
0.9 





Figure 42 - Chemical shifts (in ppm) and coupling constants (in Hz) 
of 3,3-dimethyl-3H-pyrrolizine 308 
(b) 	Photochemical reactions 
Mann and coworkers have previously reported the photochemical addition of 
the a-carbon atom of alcohols to a43-unsaturated carbonyl compounds. 56  The 
corresponding reaction on pyrrolizin-3-ones with methanol could lead directly to the 
1 -hydroxymethyl dihydroderivative. 
In the event irradiation of pyrrolizin-3-one in solution by a 125 W mercury 
lamp at room temperature resulted in the formation of symmetrical dimers (Scheme 
133). The assignments of the structures of compounds 309 (head-to-head trans- 
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dimer) and 310 (head-to-head cis-dimer) were based on the similarity of the chemical 
shifts of the protons derived from H 5 and H6 in pyrrolizinone with those, 
respectively, of the trans- and the cis-dimer 204 and 205 (ASH :!~ 0.03 ppm) (Table 
32) for which X-ray structures defined the stereochemistry. A higher chemical shift 
for H7 is observed in compounds 204 and 205, relatively to 309 and 310 (A8H = 0.19-
0.27 ppm), probably due to the neighbouring effect of the ester groups in the former. 
The cis/trans geometry of the third (consequently head-to-tail) dimer could not be 
determined. The relative ratios of these three isomers is very variable depending on 
experimental conditions (Table 33). 
309 310 311 204 205 
H5 7.15 6.89 6.80 7.17 6.90 
H6 6.56 6.30 6.32 6.54 6.33 
H7 6.18 5.86 6.07 6.37 6.13 
Table 32 - 'H NMR chemical shifts of the pyrrole moiety 
of pyrrolizin-3-one dimers 
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Conditions At (h) 309 310 311 197 
[2H4]methanol 18 31% 31% 25% 12% 
methanol! benzophenone 7.5 39% 47% 5% 9% 
isopropyl alcohol 16 7% 12% 44% 36% 
[2H3]acetonitrile 12 7% 18% 36% 39% 
Table 33 - Irradiation of pyrrolizin-3-one 197 at room temperature 
by a 125 W mercury lamp 
The fact that the reaction rate is faster in presence of the triplet sensitizer 
benzophenone (Table 33) is indicative of a process involving triplet-excited species. 
This dimerisation of pyrrolizin-3 -one has therefore to be related to the 
photodimerisation of cyclopenten-2-one and other five-membered heterocyclic 
enones which have been reported to occur via similar triplet-processes. ' 53 ' 56 
Radical addition of iodomethane to pyrrolizin-3-one in presence of tributyltin 
hydride was carried out but due to difficulties in the work-up of the reaction, only 
1 ,2-dihydropyrrolizinone 211 was isolated in low yield. 
E2. REACTION WITH THIOPHENOL 
Thiophenol has previously been shown to add regioselectively to 
pyrrolizinones in a Michael-type manner (Scheme 134)69  It has been found that two 
diastereoisomers were obtained from the 2-methyl and the 2-cyano derivatives 166 
and 167, which could be identified via characteristic coupling constants existing 











Pyrrolizinone Substituent 'J,,, (Hz) 3Jtra, 	(Hz) 
197 - 7.7 2.6 
166 2-Me 7.4 <5.0 
167 2-CN 7.5 5.2 
202 1-CO2Me 8.1 4.3 
168 2-CO2Me - 3.5 
176 7-CO2Me 7.5 1.5 
Table 34 - 	2 coupling constants for phenylthio- 1 ,2-dihydropyrrolizin-3-ones 
In the reaction of 2-methoxycarbonylpyrrolizin-3-one with thiophenol only 
one compound was formed, which was identified as the trans-isomer 312 (3J12 = 3.5 
Hz). The reaction was very fast, in acetone in particular (At < 10 s), as a result of the 
extra activation of the 1,2-double bond by the ester substituent. As observed 
previously a less polar solvent (chloroform) slows down the reaction rate, possibly 






With the 7-ester derivative 176, shown to be easily ring-opened in neutral 
methanol (Section D) a nucleophilic reaction at the carbonylic center could not be 
excluded; the thiophenol addition however remained regioselective to afford solely 
the 1,4-addition product 313. 
CO2Me SPh 
\ N 313 
Reaction with the unstable ester derivative 202 leads to a complete reversal of 
regioselectivity around the C 1 -C2 double bond, the products resulting entirely from 
the nucleophilic addition at C 2; two diastereoisomers 314 and 315 were formed in a 4 
1 ratio, which were identified as described earlier (Scheme 135). Column 
chromatography on silica of the mixture resulted in the complete isomerisation of the 
cis-isomer into the probably more stable - as less sterically hindered - isomer 315. In 
solution (dichioromethane, chloroform, acetone) at room temperature, no 









CT: SPh acetone 
314 I 	t 315 
dry flash chromatography 
Scheme 135 
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E3. OXIDATION REACTIONS 
As the hydrochlorinationl hydrolysis procedure described in Section B2 failed 
to work with some pyrrolizinones such as the 7-ester derivative 176, alternative 
reactions were attempted to introduce the O-functionality at the 1-position of 
pyrrolizinone (or 1 ,2-dihydropyrrolizinone). Other oxidation reactions of a variety of 
1 ,2-dihydro-3H-pyrrolizines and 1 ,2-dihydropyrrolizin-3-ones with reagents such as 
lead tetraacetate and perbenzoic acid tert-butyl ester have previously been reported to 
work, although in low to moderate yields. 661' Encouraging work with selenium 
dioxide also showed that oxidation of 2,3-dihydro-6,7-diphenyl-1H-pyrrolizine led to 
the pyrrolizin-1-one system 316, probably via the 1H-pyrrolizine intermediate 317 
(Scheme 136). 157  
Ph 	 Ph 	0 
Ph_IT 	
Se02 (4 eq) 
	
10 , 	Ph 316 




Selenium dioxide oxidation of dihydropyrrolizinone 211 in refluxing toluene 
for 24 h afforded a mixture containing remaining starting material (42%) and 1,2-
dihydro-1-hydroxypyrrolizinone 220 (42%), along with the fully unsaturated system 
197 (16%). When the reaction was carried out for a prolonged reaction time (3 days) 
pyrrolizinone 197 was the only product which indicates that its formation arose from 
dehydration of the intermediate 220 (Scheme 137). The methodology was therefore 
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not pursued with regards to our initial purpose, the reported oxidation reaction by 
perbenzoic acid esters appearing superior. 66b 
OH 





0 	 0 	 0 
211 	 220 	 197 
Scheme 137 
Selenium dioxide oxidation of methyl substituted pyrrolizinones under 
similar conditions were briefly investigated and showed that the formyl analogues 
can be obtained, though in low yield. For example 7-formylpyrrolizinone 318 was 
isolated in 12% yield from oxidation of 174 after dry flash chromatography (Scheme 
138). This is consistent with the fact that selenium dioxide is known to react with 
aryl and heteroaryl methyl groups generally to give the corresponding aldehydes. ' 58 
Me 
174 
5e02 (6 eq) 






1 -Methylpyrrolizinone 165 is more reactive towards oxidation than its 7-
methyl analogue; although no reaction occurred in hexane in presence of an excess of 
oxidant (4.8 eq), the reaction mixture became quickly black in refluxing toluene. A 
trace of the oxidised product 319 ( 3%), tentatively identified by 'H NMR, could be 
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detected. This high reactivity of allyl groups towards selenium dioxide is well 
known and the resulting formation of allylic alcohols is one of the main applications 
of this oxidant.' 58  If two or more hydrogen atoms are present on the carbon adjacent 
to the double bond a ketone or an aldehyde can be produced as in our case. 
CHO 
<  N\:i 	319 
Pyrrolizinone was also shown to be inert to metachloroperbenzoic acid, no 
product other than the starting material could be detected after stirring for 2 days at 
room temperature. 
E4. REDUCTION REACTIONS 
The reduction of pyrroles with zinc under acidic conditions is known to yield 
both 3-pyrroline 320 and pyrrolidine 321 (Scheme 159 These two systems 
originate from different mode of protonations, either at the cc-position or the J3-
position of the pyrrole ring, which gives, after reduction of the cationic intermediate, 
320 and 321 respectively. It has also been shown that 320 withstands any further 
reduction under similar conditions. 160 
Scheme 139 
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When submitted to zinc dust in aqueous hydrochloric acid, 1,2-
dihydropyrrolizinone 211 similarly gave the two pyrrole reduction products 322 and 
1, which were separated by chromatography, along with some unreacted starting 
material (Scheme 140). When 211 was dissolved in methanol prior to addition of 
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We also considered the reduction of the 7-methyl derivative 235 which gave a 
complex mixture of products from which the presence of the two corresponding 
perhydro systems could be identified. No reaction at all was observed from 1,2-
dihydro-7-methoxycarbonylpyrrolizinone 241, remarkably stable under acidic 
conditions. 
Under similar conditions the parent pyrrolizin-3-one 197 gave complex 






NMR nuclear magnetic resonance 
H' 	c chemical shift 




q quartet (in 'H NMR spectra) 
quaternary (in ' 3C NMR spectra) 
m multiplet 
br broad 
J coupling constant 
Hz Hertz 
JR infra-red 
v 	 wavenumber (IR) 
UV 	 ultra-violet 
extinction coefficient 
wavelength (UV) 
m/z mass to charge ratio 
M mass of molecular ion 
FVP flash vacuum pyrolysis 
t.1.c. thin layer chromatography 
DMSO dimethyl sulfoxide 
mp melting point 
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min 	 minutes 
h 	 hours 
atm. 	 atmospheres 
PSI 	 pounds per square inch 
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A) INSTRUMENTATION AND GENERAL TECHNIQUES 
Al. NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
'H NMR spectra were recorded on Bruker AC250 (250 MHz), Bruker AC200 
(250 MHz) and Varian Gemini 200 (200 MHz) spectrometers, unless otherwise 
stated. Some spectra were also obtained on Bruker WH360 (360 MHz) and Varian 
Inova (600 MHz) spectrometers. Routine spectra were initially obtained on a Jeol 
PMX 60S1 (60 MHz) and later on the Varian Gemini 200 intruments. ' 3 C NMR 
spectra were recorded on Bruker WH360 (90 MHz), AC250 (63 MHz), AC200 (50 
MHz) and Varian Gemini 200 (50 MHz) spectrometers. 
The Bruker AC250 was operated by Mr. J. R. A. Millar, the Bruker AC200 
by Dr. H. McNab and Mr. W. G. Kerr, and the Varian Gemini by the present author. 
The Varian Inova spectrometer was operated by Dr. I. H. Sadler and the Bruker 
WH360 by Dr. D. Reed. 
Spectra were recorded in [2H]chloroform, unless otherwise stated. Chemical 
shifts (8H  and oc) are quoted in ppm, relative to tetramethylsilane, and all coupling 
constants (J) are given in Hz. 
A2. MASS SPECTROMETRY 
All the mass spectra quoted were obtained by electron impact mass 
spectrometry. Low resolution electron impact mass spectra were recorded by Miss 
E. Stevenson on E.I. MS902 and Finnigan 4500 intruments, and by Mr. H. McKenzie 
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on a Finnigan 4600 spectrometer. High resolution mass spectra were recorded by 
Mr. A. Taylor on a Kratos MS50 Tc instrument. 
ELEMENTAL ANALYSIS 
Microanalyses were obtained by Mrs. L. J. Eades on a Perkin Elmer 240 
Cl-IN Elemental Analyser. 
INFRA-RED SPECTROSCOPY 
JR spectra were obtained as liquid films or nujol mulls on a Perkin Elmer 
Paragon 1000 FT-JR spectrometer and are quoted in wavenumbers (cm'). 
ULTRA-VIOLET AND VISIBLE SPECTROSCOPY 
UV and visible spectra were recorded on a Unicam U\T/Vis spectrometer. 
The solvent used is indicated. Wavelengths of maxima are recorded in rim. 
STRUCTURE DETERMINATION 
X-ray crystallographic data were obtained and refined by Dr. R. 0. Gould, 
Dr. S. Parsons and Mr. S. G. Harris on a Stoë STADI-4 four circle diffractometer 
with graphite monochromator. 
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CHROMATOGRAPHY 
Thin layer chromatography was carried out on pre-coated aluminium sheets 
(0.2 mm silica gel, Merck, grade 60) impregnated with an UV fluorescent indicator, 
or on pre-coated aluminium sheets [0.2 mm aluminium oxide, neutral (type E), 
Merck, grade 60] impregnated with an UV fluorescent indicator. 
Dry flash chromatography was carried out on silica gel (silica gel H or GF 254 , 
Fluka, 30-250 mesh) by the method of Hafwood,' 6 ' the crude materials being 
preabsorbed onto silica gel and then loaded onto the column. The eluting system was 
most frequently composed of a mixture of n-hexane and ethyl acetate. 
Wet flash and gravity chromatography were carried out on silica gel (silica 
gel 60, Fluka, 220-440 mesh) by the method of Still,' 62  or on alumina deactivated by 
6% water (type H, Laporte Industries). 
SOLVENTS 
Commercially available solvents were normally used without further 
purification. Diethyl ether and tetrahydrofuran were dried over sodium and distilled. 
All other dried solvents were obtained by storing over molecular sieves (4 A). 
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B) FLASH VACUUM PYROLYSIS APPARATUS 
The apparatus used for flash vacuum pyrolysis, based on the design of W. D. 
Crow (Australian National University), is shown in Figure 43. The system is 
maintained under vacuum, typically at 10 -2_ 10-3 Torr, by an Edwards Model Ed 100 
high capacity oil pump. The pressure is monitored between the product trap and the 
pump. Experiments involve heating the substrate contained in the inlet tube until it 
volatilises. This is achieved at temperatures less than 300 °C by a glass BUchi oven, 
which also allows monitoring of the volatilisation. The gaseous substrate passes 
through a hot silica tube (30 x 2.5 cm), heated by a Stantor Redcroft laboratory tube 
furnace. The temperature of the furnace at its centre is controlled by a 
platinum/(platinum 13% rhodium) thermocouple. The estimated contact time in the 
hot zone is in the order of 10 milliseconds. The products are collected at the exit 
point of the furnace, usually by a trap cooled in liquid nitrogen. The U-shaped trap 
shown in Figure 43 is used for pyrolyses involving up to 1 g of substrate. For larger 
scale experiments the trap shown in Figure 44 is used, thus preventing any blockages 
occurring. Compounds particularly sensitive to heat can be isolated at low 
temperature using the cold finger trap shown in Figure 45 (See Section D3b for 
procedure). 
Small scale pyrolyses refer to 10-80 mg of substrate. The entire pyrolysate is 
washed with a deuteriated solvent (usually [2H]]chloroform), allowing examination 
by NMR spectroscopy of the crude reaction mixture. Large scale pyrolyses refer to 
pyrolyses on a scale of 0.1 g or greater. 
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C) STOPPED-FLOW KINETICS APPARATUS 
The apparatus used was that of Dr. K. G. McKendrick, set up and maintained 
by Mr. H. McKenzie from this Department of Chemistry. The SFA-20 Rapid 
Kinetics Apparatus comprises a drive unit, a thermostated supply tube and an 
observation cell with integral mixer. The cell is connected to a spectrophotometer 
(Figure 46). The sample flow circuit is made of glass and teflon. The observation 
cell, of fused silica and high grade Spectrasil B, allows observation over the range 
200-850 nm. The use of the spectrophotometer thermostated cell holder and an 
external thermostated circulator provides close temperature control. By their use the 
cell is filled with freshly mixed solutions at the desired temperature. The mixing of 
the two reagent solutions in the cell occurs in less than 20 ms, via the use of 
compressed air (pneumatic drive unit). Then a monochromatic light, delivered by the 
spectrophotometer, goes through the cell. The variations in the absorbance of the 
solution at the relevant wavelength is then directly followed on a PC using the IS-2 
Rapid Kinetics software. 
Operating principle: 
The two reagent solutions stored in two 10 cm  reservoirs are admitted to the 2.5 cm  
drive syringes through 3-port valves (Figure 47). The valves are then turned on to 
connect the drive syringes to the flow circuit. By triggering the pneumatic drive unit, 
approximately 0.2 cm  of each reagent is rapidly expelled from each syringe to 
displace previous thermostated solutions, present in two separate inlet tubes. The 
thermostated solutions mix in the UV cell, displacing the contents left from a 
previous run. The solution expelled from the cell passes back to the drive unit filling 
a stopping syringe. When this syringe piston hits a mechanical stop fitted with a 




























































































































































































































































































In this thesis the pyrrolizin-3-one nomenclature was used consistently even in cases 
in which the strict priority order is not followed. 
D) FORMATION OF PYRROLIZIN-3-ONES 
Dl. SCOPE OF FORMATION OF PYRROLIZIN-3-ONES FROM 
PYRROLE-2-CARBOXALDEHYDES 
(a) 	Preparation of pyrrole-2-carboxaldehydes 
i) 	3-Substituted pyrrole-2-carboxaldehydes 
a) Preparation of 4-substituted pyridine-N-oxides 
4-Methoxycarbonylpyridine-N-oxide 
A solution of 4-methoxycarbonylpyridine (methyl isonicotinate) (43.97 g, 0.32 mol) 
in glacial acetic acid (240 cm 3) was treated with an aqueous hydrogen peroxide 
solution (26%, 40 cm 3) and heated at 80 °C for 3 h. An additional amount of 
hydrogen peroxide solution (40  cm3) was added and the reaction mixture was heated 
at 80 °C for a further 23 h. After cooling the solution was concentrated to Ca. 40 
cm 3.  Water (80 cm 3) was added and the solution was again concentrated. The 
concentrate was taken up in the minimum amount of chloroform and poured onto an 
aqueous solution of potassium carbonate (30 g) and shaken. The organic layer was 
extracted with chloroform (2 x 100 cm 3), dried (MgSO4) and concentrated to give, 
after recrystallisation from ethyl acetate, 4-methoxycarbonylpyridine-N-oxide (37.66 
g, 77%) as white crystals, mp 122 °C (from ethyl acetate) (lit., 
163  118-119 °C); oH 
8.15 (2H, d, 3J7.4), 7.80 (2H, d, 3J7.4) and 3.86 (31-I, s). 
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4-Acetoxymethylpyridine-N-oxide 142 
4-Acetoxymethylpyridine-N-oxide was 	similarly 	synthesized from 4- 
acetoxymethylpyridine. 69 
b) Photolysis of 4-substituted pyridine-N-oxides 
General method 
A degassed solution of substituted pyridine-N-oxide and copper (II) sulphate 
pentahydrate (in 10 times excess) in deionised water (670 cm 3) was irradiated by a 
400 W mercury lamp. A gentle flow of nitrogen through the solution was maintained 
during the reaction. After 6 h, the reaction mixture was saturated with sodium 
chloride and continuously extracted with dichloromethane (300 cm. 3) overnight. The 
organic layer was dried (MgSO4) and concentrated. Dry flash chromatography of the 
residue afforded the desired pyrrole carboxaldehyde. The following pyrrole-2-
carboxaldehydes were made in this way: 
3-Methylpyrrole-2-carboxaldehyde 140 [from 4-methylpyridine-N-oxide (4-
picoline-N-oxide) (3.24 g, 30 mmol)] yellow solid (1.13 g, 35%), mp 91-92 °C 
(from hexane) (lit., 69 90-92°C); 8.9.94 (111, br, NH), 9.63 (1H, s), 7.02 (11-1, m), 
6.12 (1H, m) and 2.38 (3H, s). 
3-Methoxypyrrole-2-carboxaldehyde 141 [from 4-methoxypyridine-N-oxide, 
monohydrate (1.05 g, 7 mmol)] pale yellow powder (0.240 g, 23%), mp 131-132 °C 
(from column) (lit., 711  134-135 °C); oH 10.68 (11-1, br, NH), 9.45 (111, s), 7.00 (11-1, 
m), 5.84 (111, m) and 3.84 (31-1, s); 8 C 175.24, 158.98 (q), 127.07, 118.70 (q), 95.20 
and 57.76. 
3-Acetoxymethylpyrrole-2-carboxaldehyde 142 [from 5 batches of 4- 
acetoxymethyl pyridine-N-oxide (6.73 g, 40 mmol total)] light brown solid (1.40 g, 
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21%), mp 57-58 °C (from ethyl acetate/hexane) (lit., 69 59-61 °C); oH 10.2 (11-1, br, 
NH), 9.76 (11-1, s), 7.07 (1H, t, 3J 2.6), 6.37 (11-1, t, 3J and 4J 2.6), 5.29 (21-1, s) and 
2.09 (3H, s). 
3-Methoxycarbonylpyrrole-2-carboxaldehyde 143 [from 4-methoxycarbonyl 
pyridine-N-oxide (4.17 g, 27 mmol)] yellow solid (0.98 g, 24%), mp 129-130 °C 
(from ethyl acetate) 
(lit., 164 129 °C); 0H  10.20 (1H, s), 10.00 (1H, br, s), 7.02 (1H, dd, 
3J2.8 and 2.7), 6.75 (1H, t, 3fand 4J2.8) and 3.89 (31-1, s); & 181.92, 163.95 (q), 
132.64 (q), 124.32, 122.51 (q), 113.50 and 51.68; 4-methoxycarbonylpyridine (0.13 
g, 3%) was also isolated from the column. 
ii) 	4-Substituted pyrrole-2-carboxaldehydes 
Generation of 2-(dimethylamino)methylene-2H-pyrrole l44" 
A solution of dimethylformamide (5.03 g, 69 mmol) in dichioroethane (15 cm 3 ) was 
cooled in an ice bath. To the stirred and cooled solution was added a solution of 
oxalyl chloride (6.0 cm 3 , 69 mmol) in dichloroethane (10 cm 3) over a period of 15 
mm. The suspension formed was allowed to stir at room temperature for 15 mm. It 
was cooled in ice and a solution of pyrrole (4.3 ml, 63 mmol) in dichloroethane (12 
cm3) was added over 15 mm. The resulting light orange solution of 2-
(dimethylamino)methylene-2H-pyrrole 144 was allowed to stir for 15 min at room 




Aluminium chloride (18.4 g, 137 mmol) followed by acetyl chloride (4.5 cm3 , 62 
mmol) was added rapidly and at room temperature to 2-(dimethylamino)methylene-
2H-pyrrole. After stirring for 2 h at room temperature the mixture was poured onto 
iced water (500 cm 3), aqueous sodium hydroxide (50%, 50 cm3) was added, and the 
mixture was stirred rapidly for 10 mm. The mixture was then acidified with 
concentrated hydrochloric acid and the organic layer was separated. The aqueous 
layer was continuously extracted overnight with dichloromethane (300 cm 3). The 
combined organic layers were dried (MgSO 4), concentrated, and the solid residue 
was recrystallised from toluene giving 4-acetylpyrrole-2-carboxaldehyde 145 (6.76 g, 
82%) as a light yellow solid, mp 139-140 °C (from toluene) (lit., 
14a  141-142 °C); 8. 
10.58 (111, br, NH), 9.57 (1H, d, flj  1.2), 7.71 (111, ddd, 
flJ33,  1.5 and 1.2), 7.37 (1H, 
dd, V 2.5 and 1.5) and 2.46 (3H, s); 8 C 192.90 (q), 180.13, 133.23 (q), 129.20, 
127.76 (q), 120.17 and 27.22. 
4-Methoxycarbonylpyrrole-2-carboxaldehyde 146 
Aluminium chloride (18.4 g, 137 mmol) followed by trichioroacetyl chloride (7 cm 3 , 
62 mmol) was added rapidly and at room temperature to 2-
(dimethylamino)methylene-2H-pyrrole. After stirring for 4 h at room temperature 
the mixture was cooled in ice and methanol (125 cm 3) was added very slowly 
followed by a solution of sodium methoxide [from sodium (10 g, 435 mmol)] in 
methanol (125 cm 3) and the mixture was stirred for 2 h at room temperature. The 
reaction product was then poured into water (500 cm 
3  ) and acidified with 
concentrated hydrochloric acid (30 cm 3). The entire mixture was continuously 
extracted overnight with dichloromethane. After drying (MgSO 4) the solvent was 
removed giving a dark brown solid which was treated with charcoal leaving a brown 
solid which was mostly 4trichloroacetylpynole2carboxaldehyde;74a 8. 11.28 (11-1, 
br, NH), 9.61 (1H, d, flj  1.2), 8.06 (1H, ddd, 
flJ3•5,  1.4 and 1.2) and 7.65 (1H, dd, V 
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2.4 and 1.4); 8C 180.46, 176.50 (q), 133.32, 133.01 (q), 123.51, 117.23 (q) and 95.48 
(q). 
The crude intermediate (8.8 g, 36 mmol) was added portionwise to a solution of 
sodium methoxide [from sodium (135 mg, 6 mmol)] in methanol (30 cm3) and the 
solution was stirred for 45 mm. After concentrating the solution to dryness, the 
residue was partitioned between ether (50 cm 3) and aqueous hydrochloric acid (3 M, 
10 cm3). The ether layer was collected and the aqueous layer was washed with ether 
(30 cm3). The combined organic layers were washed with saturated aqueous sodium 
bicarbonate solution (50 cm 3), dried (MgSO4) and concentrated. The solid residue 
was recrystallised from toluene to give 4-methoxycarbonylpyrrole-2-carboxaldehyde 
146 (3.05 g, 30%) as a pale yellow solid, mp 125-126 °C (from toluene) (lit., 74a  126-
128 °C); 8H  10.70 (114, br, NH), 9.53 (1H, d, 
flj  1.3), 7.71 (1H, dt, flj  3.2 and 1.3), 
7.38 (1H, dd, J2.4 and J 1.3) and 3.83 (3H, s); & 180.01, 163.97 (q), 132.96 (q), 
130.08, 121.63, 118.54 (q) and 51.41. 
(b) 	Preparation of Meldrum's acid derivatives 
General method 
A solution of pyrrole-2-carboxaldehyde (5 mmol) and 2,2-dimethyl- 1,3 -dioxane-4,6-
dione (5 mmol) in toluene (10 cm3) was treated with glacial acetic acid (5 drops) and 
piperidine (5 drops) and stirred overnight at room temperature. The crystals which 
had formed were filtered, washed with hexane and recrystallised from ethanol to give 
the desired derivative. 
2,2-Dimethyl-5-(3-methylpyrrol-2-ylidene)-1 ,3-dioxan-4,6-dione 147 [from 3- 
methylpyrrole-2-carboxaldehyde (1.45 g, 13 mmol)] (2.41 g, 77%), mp 169-171 °C 
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(from ethanol)(lit., 69 170.5-172 °C); 8H  12.70 (111, br, NH), 8.29 (1H, s), 7.33 (11-1, t, 
3J2.7), 6.34 (114, m), 2.39 (3H, s) and 1.75 (6H, s). 
2,2-Dimethyl-5-(3-methoxypyrrol-2-ylidene)-1,3-djoxan-4, 6-dione 148 [from 3-
methoxypyrrole-2-carboxaldehyde (0.69 g, 6 mmol)] (1.00 g, 72%) yellow crystals, 
mp 190-191 °C (from ethanol) (Found: C, 57.2; H, 5.25; N, 5.5. C 1211 13N05 requires 
C, 57.35; H, 5.2; N, 5.6%); Vm a,, (nujol) 3259, 1722 and 1672; oH ([ 2H6]DMSO) 
11.85 (1H, br,NH), 7.99(1H, d, 5J0.8), 7.66(1H, dd, 3J2.9 and 5J0.8), 6.18 (1 H, d, 
3J 2.9), 3.93 (3H, s) and 1.65 (6H, s); 8,  ([2H6]DMSO) 164.02 (br q), 162.78 (q), 
136.52, 134.01, 116.61 (q). 103.47 (q), 96.30, 94.25 (q), 58.83 and 26.62; m/z 251 
(M, 43%), 250 (68), 236 (8), 194 (38), 193 (30), 192 (41), 176 (28), 149 (70), 148 
(39), 134 (48), 121 (59), 120 (100), 106 (52) and 93 (51). 
2,2-Dimethyl-5-(3-acetoxymethylpyrrol-2-ylidene)-1 ,3-dioxan-4,6-dione 	149 
[from 3-acetoxymethylpyrrole-2-carboxaldehyde (0.56 g, 3 mmol)] (0.62 g, 63%), 
mp 131-133 °C (from isopropyl alcohol)(lit., 69 136-138 °C); 0H  12.90 (111, br, NH), 
8.39 (111, s), 7.34 (1H, m), 6.54 (111, m), 5.22 (2H, s), 2.06 (3H, s) and 1.73 (61-1, s). 
2,2-Dimethyl-5-(3-methoxycarbonylpyrrol-2-yljilene)-1,3-djoxan-4,6-djone 	150 
[from 3-methoxycarbonylpyrrole-2-carboxaldehyde (0.55 g, 4 mmol)] (0.84 g, 
83%), yellow crystals mp 191 °C (from isopropyl alcohol) (Found: C, 55.65; H, 4.85; 
N, 4.9. C 13 H 13N06 requires C, 55.9; H, 4.7; N, 5.0%); Vma,, (nujol) 1744, 1712 and 
1687; 0H  13.08 (1H, br, NH), 9.34 (1H, s), 7.28 (111, t, 3J2.5), 6.96 (1H, t, 3Jand 4J 
2.5), 3.89 (3H, s) and 1.75 (6H, s); Oc  (2 quaternaries missing) 163.58 (q), 142.39 (q), 
127.99 (q), 127.69, 126.51 (q), 116.69, 104.96 (q), 104.55 (q), 51.88 (q), 27.19 and 
25.17 (q); m/z 279 (M, 53%), 222 (20), 221 (51), 190 (20), 177 (65), 149 (97), 146 
(41), 134 (100) and 118(55). 
2,2-Dimethyl-5-(4-acetylpyrrol-2-ylidene)-1,3-dioxan-4,6-dione 151 [from 4-
acetylpyrrole-2-carboxaldehyde (2.45 g, 18 mmol)] (4.18 g, 89%), mp 218-220 °C 
(dec.) (from ethanol/methanol) (Found: C, 59.35; H, 4.8; N, 5.4. C 13H 13N05 requires 
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C, 59.3; H, 4.95; N, 5.3%); 8H 12.81 (1H, br, NH), 8.27 (1H, d, J0.7), 7.85 (1H, br 
s), 7.41 (111, br d, flj  1.5), 2.47 (3H, s) and 1.76 (611, s); & (one quaternary missing) 
192.31 (q), 163.47 (q), 143.91, 132.22, 129.45 (q), 128.66 (q), 128.22, 104.72 (q), 
103.88 (q), 27.33 and 27.25; m/z 263 (M, 16%), 205 (15), 161 (19), 146 (100), 118 
(12), 90 (10), 63 (11) and 43 (22). 
2,2Dime1hy15(4-methoxycarbonylpyrrOI-2-YIidefle)-1,3-diOxafl-4, 6-dione 	152 
[from 4-methoxycarbonylpylTOle-2-CarbOXaldehYde (0.55 g, 4 mmol)] (0.68 g, 68%) 
yellow crystals, mp 239-241 °C (dec.) (from methanol) (Found: C, 55.85; H, 4.5; N, 
5.1. C 13H 13N06 requires C, 55.9; H, 4.65; N, 5.0%); 8H  12.76 (1H, br, NH), 8.26 
(1H, d, 5J0.7), 7.84 (1H, hr s), 7.45 (1H, d, 5J0.7), 3.84 (3H, s) and 1.76 (3H, s); & 
(one quaternary missing) 163.89 (q), 163.22 (q), 143.91, 133.07, 129.39, 128.46 (q), 
120.71 (q), 104.68 (q), 103.53 (q), 51.59 and 27.24; m/z 279 (M, 17%), 248 (2), 221 
(20), 177 (48), 146 (100), 118 (20), 90 (14), 63 (16), 44 (25) and 43 (27). 
2,2-Dimethyl-5-(pyrrol-2-ethylidefle)-1 ,3-dioxan-4,6-dione 153 
A solution of titanium tetrachloride (9 cm 3 , 82 mmol) in carbon tetrachloride (20 
cm3) was added dropwise to ice-cold tetrahydrofuran (160 cm 3) under nitrogen. The 
resulting mixture was treated with a solution of 2,2-dimethyl-1,3-dioxane-4,6-dione 
(5.96 g, 41 mmol) and 2-acetylpyrrOle (4.45 g, 41 mmol) in tetrahydrofuran (40 cm 3), 
followed by a solution of pyridine (13 cm 3) in tetrahydrofuran (20 cm 3). The mixture 
was stirred at 0 °C for 3.5 h and then at room temperature overnight, after which 
water (40 cm3) was added, the resulting mixture was filtered through Celite, 
concentrated, and extracted with ether (6 x 100 cm 3). The combined organic layers 
were washed with brine (20 cm 3), saturated aqueous sodium hydrogen carbonate (20 
cm3) and dried (MgSO4). The solvents were removed under vacuum to give, after 
recrystallisation from ethanol, 2,2dimethyl-5-(,yrrol-2-ethylidene)- 1 ,3-dioxan-4,6-
dione (5.48g, 57%) as yellow crystals, mp 126-128 °C (from ethanol)(lit., 70 127-129 
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°C); 6H  13.06 (114, br, NH), 7.25 (1H, m), 7.22 (111, m), 6.45 (1H, m), 2.79 (31-1, s) 
and 1.73 (6H, s); 8C  ([2H6]acetone) 165.27 (q), 163.24 (q), 156.81 (q), 131.07 (q), 
129.31, 123.91, 113.02, 106.77 (q), 103.58 (q), 26.41 and 22.92. 
(c) 	Preparation of propenoic acid ester derivatives 
General method 
A solution of the appropriate pyrrole-2-carboxaldehyde and ylide was heated at 
reflux in toluene for the time stated. The solvent was removed and the products were 
obtained by dry flash chromatography of the residue, using hexane and ethyl acetate 
as eluents. The pyrrole-2-carboxaldehyde, ylide, volume of solvent and reaction 
time are quoted. 
Methyl (E)- and (Z)-3-(3-methylpyrrol-2-yl)propenoate 154 [from 3-methyl-
pyrrole-2-carboxaldehyde (0.70 g, 6.4 mmol) and methyl 
(triphenylphosphoranylidene)acetate (2.90 g, 8.6 mmol), 25 cm 3 , 20 h] methyl (E)-3-
(3-methylpyrrol-2-yl)propenoate (0.93 g, 88%) yellow crystals, mp 97-99 °C (from 
ethanol) (,it., 161 97-98 °C); oH 8.97 (11-1, br s), 7.63 (11-1, d, 3J 15.9), 6.82 (111, t, 
2.6), 6.09 (1H, t, 3j and 4J2.6), 5.93 (1H, d, 3J 15.9), 3.76 (31-1, s) and 2.19 (3H, s); 
5C 168.54 (q), 132.70, 126.03 (q), 125.10 (q), 122.05, 112.26, 108.49, 51.36 and 
11.32; methyl (Z)-3-(3-methylpyrrol-2-yl)propenoate (0.11 g, 10%), bp 65-70 °C (0.5 
Ton) (Found M, 165.0791. C9H 11NO2 requires M, 165.0790); 0H  12.13 (111, br s), 
6.91 (1H, t, 3J2.6), 6.81 (1H, d, 3J 12.5), 6.10 (1H, t, 
3j and 4J2.6), 5.48 (1H, d, 3J 
12.5), 3.75 (31-1, s) and 2.21 (31-1, s); Oc  169.77 (q), 131.95, 127.66 (q), 125.99 (q), 
121.77, 111.30, 105.02, 51.34 and 11.15; m/z 165 (Mt, 100%), 134 (58), 133 (29), 
106 (63), 105 (56), 104 (43), 79 (27) and 52 (21). 
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Methyl (E)- and (Z)-3-(3-acetoxymethylpyrrol-2-yl)propenoate 155 [from 3-
acetoxymethylpyrrole-2-carboxaldehyde (398 mg, 2.4 mmol) and methyl 
(triphenylphosphoranylidene)acetate (0.98 g, 2.9 mmol), 14 cm 3,  2 h] methyl (E)-3-
(3-acetoxymethylpyrrol-2-yl)propenoate (304 mg, 57%) colourless crystals, mp 118-
119 °C (from hexane-ethyl acetate) (Found: C, 59.4; H, 5.75; N, 6.05. C 11 H 13N04 
requires C, 59.2; H, 5.8; N, 6.3%); 5H  8.86 (1H, br s, NH), 7.66 (1H, d, 3J 16.0), 6.88 
(1H, t, 3J 2.7), 6.32 (1H, t, 3J and 4J 2.7), 5.99 (1H, d, 3J 16.0), 5.10 (211, s), 3.78 
(3H, s) and 2.06 (3H, s); 8c 170.93 (q), 167.62 (q), 131.47, 126.33 (q), 123.10 (q), 
121.85, 112.24, 111.53, 58.17, 51.53 and 20.50; nilz 223 (Mt, 27%), 181 (7), 164 
(17), 163 (16), 150 (18), 149 (20), 148 (31), 132 (36), 121 (23), 120 (41), 105 (30), 
104 (100), 93 (12), 92 (14), 78 (12), 77 (16) and 65 (11); methyl (Z)-3-(3-
acetoxymethylpyrrol-2-yl)propenoate (56 mg, 11%), bp 110-115 °C (0.4 Ton), 
(Found M, 223.0841. C 11 H 13N04 requires M, 223.0844); oH 12.33 (1H, br s, NH), 
6.94 (1H, m), 6.91 (1H, d, 3J 12.7), 6.32 (1H, t, 'J and 4J2.5), 5.61 (1H, d, 31 12.7), 
5.11 (211, s), 3.75 (3H, s) and 2.04 (3H, s); 8 c 170.88 (q), 169.44 (q), 131.27, 126.78 
(q), 124.60 (q), 121.71, 111.68, 108.20, 58.08, 51.59 and 20.92; m/z 223 (M, 42%), 
181 (8), 164 (12), 163 (12), 150 (18), 149 (25), 148 (37), 132 (32), 122 (12), 121 
(61), 120 (16), 105 (29), 104 (100), 93 (13), 92 (17), 77 (15) and 65 (13). 
Ethyl (E)- and (Z)-2-methyl-3-(pyrrol-2-yl)propenoate 156 [from pyrrole-2-
carboxaldehyde 	(220 	mg, 	2.3 	mmol) 	and 	ethyl 	2- 
(triphenylphosphoranylidene)propionate (1.04 g, 2.9 mmol), 25 cm3 , 3.5 h] ethyl 
(E)-2-methyl-3-(pyrrol-2-yl)propenoate (397 mg, 95%), mp 77-78 °C (from 
toluene)(lit., 7° 78-79 °C); 8. 8.72 (111, br s), 7.56 (1H, s), 6.94 (111, br s), 6.57 (1H, 
m), 6.35 (1H, m), 4.24 (2H, q, 3J 7.0), 2.15 (311, d, V 1.1) and 1.32 (3H, t, 3J 7.0); 
ethyl (Z)-2-methyl-3-(pyrrol-2-yl)propenoate (16 mg, 4%) colourless liquid; 0H  11.99 
(1H, br s), 6.92 (111, m), 6.72 (111, s), 6.39 (1H, m), 6.23 (1H, m), 4.24 (2H, q, 
7.0), 2.05 (3H, d, flj  1.1) and 1.33 (311, t, 3J 7.0) (in agreement with literature data 70). 
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Dimethyl (EE)-5-(pyrrol-2-yl)penta-2,4-dienoate 158 
This compound was synthesized by a similar procedure {from pyrrole-2-
carboxaldehyde (420 mg, 4.4 mmol) and methyl 4-(triphenylphosphoranylidene)but-
2-enoate (see below) (1.90 g, 5.4 mmol), 50 cm 
3,  17 h]. Dimethyl (E,E)-5-(pyrrol-2-
yl)penta-2,4-dienoate 158 (400 mg, 51%) was isolated as the major fraction as a 
yellow solid, mp 131-132 °C (from hexane) (lit.,' 66  130°C); 8H  8.70 (11-1, br s), 7.39 
(1H, ddd, 3J 15.2 and 11. 1, J0.6), 6.86 (1H, m), 6.75 (1H, d, 3J 15.6), 6.45 (1H, dd, 
3J 15.6 and 11. 1), 6.42 (1H, m), 6.25 (1H, m), 5.86 (1H, d, 3J 15.2) and 3.74 (314, s); 
c 167.88 (q), 145.38, 130.32, 129.74 (q), 121.13, 120.48, 117.79, 111.94, 110.58 
and 51.37. 
Methyl 4-(triphenylphosphoranylidene)but-2-enoate was synthesized as follows: To 
methyl 4-(triphenylphosphonio)crotonate bromide (5.00 g, 11 mmol) dissolved in 
cold water was slowly added a solution of sodium hydroxide (0.70 g, 17 mmol) in 
water (20 cm 3) over 1.5 h. A yellow precipitate was formed which was filtered and 
washed thoroughly with water. The solid was dried at the oil pump for 40 h then 
recrystallized from ethyl acetate to give the title compound (2.20 g, 56%) as yellow 
crystals, mp 169-172 °C (lit., 75  175-179 °C). 
Dimethyl 2-(pyrrol-2-ylidene)malonate 157 
It was synthesized by Knoevenagel condensation using the procedure described in 
the previous section, but with dimethyl malonate instead of 2,2-dimethyl-1 ,3-
dioxane-4,6-dione, from pyrrole-2-carboxaldehyde (0.51 g, 5 mmol); (0.88 g, 80%) 
yellow oil, bp 170-175 °C (1 Ton); oH 11.45 (11-1, br), 7.70 (11-1, s), 7.10 (111, m), 
6.74 (114, m), 6.33 (111, m), 3.86 (31-1, s) and 3.81 (314, s); Oc  168.32 (q), 166.88 (q), 
138.08, 126.97 (q), 126.17, 123.50, 112.05 (q), 111.34, 52.15 and 52.01 (in 
agreement with literature data 70); nv'z 209 (Mt, 40%), 208 (80), 177 (62), 146 (35) 
119 (100), 90 (69) and 63 (94). 
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Wadsworth-Emmons reaction of 3-acetoxymethylpyrrole-2-carboxaldehyde 142 
To a solution of sodium methoxide [from sodium (25 mg, 1.1 mmol)] in methanol (5 
cm3) was added methyl diethylphosphonoacetate (180 mg, 0.9 mmol) followed by 3-
acetoxymethylpyrrole-2-carboxaldehyde 142 (66 mg, 0.4 mmol) and the reaction 
mixture was heated at reflux for 2 h. After addition of water (10 cm 3), the mixture 
was extracted with ether (3 x 20 cm 3), the organic layer was washed with an aqueous 
solution of sodium hydroxide (0.5 M, 20 cm3), water (20 cm3) and dried (MgSO 4). 
Removal of the solvents afforded a mixture of two products, the major one being 
methyl (E)-3-(3-methoxymethylpyrrol-2-yl)propenoate. This mixture was readded to 
a solution of sodium methoxide [from sodium (18 mg, 0.8 mmol)] and methyl 
diethylphosphonoacetate (120 mg, 0.6 mmol) in methanol (4 cm 3) and heated at 
reflux for a further 2.5 h. An identical work-up gave methyl (E)-3-(3-
methoxymethylpyrrol-2-yl)propenoate 160 (35 mg, 45%) as a yellow solid which 
became red in [H] 2  chloroform. (Found M+, 195.0881. C, 0H 13NO3 requires M, 
195.0895); oH 8.92 (1H, br s), 7.63 (1H, d, 3J 15.9), 6.84 (1H, t, 3J2.6), 6.27 (1H, t, 
3J and 4J2.6), 5.96 (1H, d, 3J 15.9), 4.43 (211, s), 3.75 (3H, s) and 3.35 (3H, s) ('H 
NMR in agreement with the literature data ' 67); 8C 167. 97 (q), 132.08, 126.00 (q), 
125.62 (q), 121.83, 111.84, 110.86,. 66.36, 57.70 and 51.43; m/z 196 (9), 195 (M, 
30%), 180 (22), 164 (20), 148 (18), 136 (33), 132 (39), 120 (47), 106 (25), 105 (54), 
104 (100) and 84 (47). 
Methanolysis of methyl (E)-3-(3-acetoxymethylpyrrol-2-yl)propenoate 155 
Methyl (E)-3 -(3 -methoxymethylpyrrol-2-yl)propenoate 160 (data identical to the 
ones above) was obtained from methyl (E)-3-(3-acetoxymethylpyrrol-2-
yl)propenoate 155 by treatment with: 
sodium methoxide (6 eq.) in methanol for 50 min at room temperature 
potassium carbonate (3 eq.) in methanol for 1 day at room temperature 
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Hydrolysis of methyl (E)-3-(3-acetoxymethylpyrrol-2-yl)propenoate 155 
To a solution of methyl (E)-3-(3-acetoxymethylpyrrol-2-yl)propenoate 
155 (116 mg, 0.5 mmol) in tetrahydrofuran (8 cm 3) was added water (8 cm 3 ) 
followed by a solution of aqueous sodium hydroxide (0.5 M, 2 cm 3) and the reaction 
mixture was stirred at room temperature for 2 h. Tetrahydrofuran was removed 
under vacuum. The resulting solution was saturated with sodium chloride, extracted. 
with dichloromethane (5 x 15 cm3). The combined organic layers were washed with 
brine, dried (MgSO 4) and concentrated. The residues were purified by dry flash 
chromatography to give as the first fraction methyl (E)-3-(3-hydroxymethylpyrrol-2-
yl)propenoate 162 (10 mg, 11%), bp 160-170 °C (0.6 mmHg) (dec.), (Found M, 
18 1.0734. C9H 11NO3 requires M, 181.0738); 8H  8.78 (1H, br s, NH), 7.66 (1H, d, 3J 
15.9), 6.86(111, t, 3J2.7), 6.31 (111, t, 3j and 4J2.7), 5.96 (111, d, 3J 15.9), 4.67 (2H, 
s) and 3.76 (3H, s); 8 ([2H6]acetone) 166.58 (q), 131.72, 124.40 (q), 121.16, 120.99 
(q), 109.82, 109.05, 55.45 and 49.59; m/z 182 (18), 181 (M, 61%), 164 (9), 152 
(28), 150 (32), 132 (47), 122 (50), 121 (86), 120 (86), 104 (57), 94 (59), 93 (47), 65 
(5 5) and 43 (100). The second fraction was tentatively identified as methyl (E)-3-(3-
hydroxymethyl-1-{2-[(E)-1 -methoxycarbonylethen-2-yl]pyrrol-3-ylmethyl}pyrrol-2-
yl)propenoate 163 as a brownish oil (30 mg, 33%) which decomposed quickly in 
solution, (Found M, 344.1387. C 18H20N205 requires M, 344.1372); 8H 8.73 (1H, m), 
8.44 (111, m), 7.56 (1H, d, 3J 15.8), 7.51 (1H, d, 3J 16.2), 6.87 (111, m), 6.11 (1H, m), 
6.07 (111, m), 5.88 (111, d, 3J 16.2), 5.79 (1H, d, 3J 15.8), 4.60 (2H, s), 3.90 (211, s), 
3.74 (311, s) and 3.73 (3H, s) ; m/z 344 (Mt, 12%), 326 (17), 313 (3), 295 (4), 267 
(32), 253 (9), 235 (9), 221 (9), 207 (13), 194 (14), 164 (11), 149 (13), 120 (29), 97 
(18), 85 (39), 71(41), 59 (34), 57 (71), 55 (32) and 43 (100). 
No reaction was observed from, either treatment with potassium 
carbonate (1 eq.) in water/tetrahydrofuran, or treatment with a catalytic amount of 
diisopropylethylamine in water/tetrahydrofuran. 
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Attempted hydrolysis of 7-acetoxymethylpyrrolizin-3-one 164 
7-Acetoxymethylpyrrolizin-3-one 164 (Ca. 0.05 mmol) was dissolved in a minimun 
amount of dichioromethane and aqueous hydrochloric acid (0.06 M, 4 cm 3) was 
added. After stirring overnight the solution was washed with sodium hydrogen 
carbonate and extracted with dichloromethane. The starting material was fully 
recovered. 
(d) 	Flash Vacuum Pyrolysis 
General method 
Pyrolysis of the appropriate precursors, 3-(yrol-2-yl)propenoic acid esters or 
Meldrum's Acid derivatives, was carried out. Upon completion of the pyrolysis the 
trap was allowed to warm up to room temperature under nitrogen. Unless otherwise 
stated, the product was removed from the trap by dissolution in acetone. Removal of 
the solvent(s) followed by bulb-to-bulb distillation, sublimation or recrystallisation 
afforded the pure pyrrolizin-3-ones. Pyrolysis parameters are quoted in the following 
order: furnace temperature, inlet temperature, pressure and reaction time. 
7-Acetoxymethylpyrrolizin-3-one 	164 	[from 	2,2-dimethyl-5-(3- 
acetoxymethylpyrrol-2-ylidene)-1,3-dioxan-4,6-dione 149 (480 mg, 2 mmol), 620 
°C, 150-160 °C, 0.005 Torr, 50 mm] (288 mg, 92%), mp 34-36 °C (after sublimation 
at 80-85 °C under 0.3 Ton); 8H  7.18 (1H, d, 3J5.9), 6.88 (lH, d, 3J3.3),5.99 (114, d, 
3J 3.3), 5.68 (lH, d, 3J 5.9), 4.89 (2H, s) and 2.08 (3H, s) (in agreement with 
literature data 69). 
1 -Methylpyrrolizin-3-one 165 [from 2,2-dimethyl-5-(pyrrol-2-ethylidene)- 1,3 - 
dioxan-4,6-dione 153 (2.20 g, 9 mmol), 650 °C, 120 °C, 0.005 Ton, 4 h] (1.20 g, 
95%), bp 55-60 °C (0.5 Ton) [lit.,65 110-130 °C (17 Ton)]; Xmax  /methanol 278 
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(3.73) and 419 (2.97); 6H  (360MHz) 6.87 (1H, dd, 3J3.0 and 4J 1.0), 6.00 (1H, dd, 3J 
3.0 and 4J 1.0), 5.98 (1H, td,. 3J 3.0 and 6J 0.6), 5.39 (1H, qd, "J 1.7 and 6J 0.6) and 
2.07 (3H, d, 4J1.7). 
2-Methylpyrrolizin-3-one 166 [from ethyl (E)-2-methyl-3-(pyrrol-2-yl)propenoate 
156 (397 mg, 2.2 mmol, 800 °C, 100-120 °C, 0.01 Torr, 20 min] (96 mg, 33%), bp 
30-35 °C (0.2 Torr); X m /methanol 287 (3.67) and 420 (2.81); 5H 6.81 (1H, d, 3J 
3.2), 6.67 (1H, hr s), 5.92 (111, t, 3J 3.2), 5.81 (11-1, d, 3J 3.2) and 1.84 (311, s) (in 
agreement with literature data 70). 
2-Cyanopyrrolizin-3-one 167 [from methyl 2-cyano-3-(,yrrol-2-yl)propenoate 70 
(0.53 g, 3.0 mmol), 800 °C, 140-150 °C, 0.01 Ton, 40 mm] (0.28 g, 64%); A max 
/methanol 302 (3.74) and 459 (3.10); oH  7.65 (1H, s), 7.06 (1H, d, 3J3.2), 6.40 (1H, 
d, 3J3.2) and 6.19 (1H, t, 3J3.2) (in agreement with literature data 70). 
2-Methoxycarbonylpyrrolizin-3-one 	168 	[from 	dimethyl 	2-(pynol-2- 
ylidene)malonate 157 (240 mg, 1.1 mmol), 650 °C, 120 °C, 0.01 Ton, 25 min] (186 
mg, 91%) (Found: C, 61.25; H, 4.05; N, 7.8. C9H7NO3 requires C, 61.0; H, 3.95; N, 
7.9%); ? max  /methanol 305 (3.59) and 455 (3.07); 0H  7.84 (111, s), 7.03 (1H, d, 3J 
3.2), 6.33 (1H, d, 3J 3.2), 6.12 (1H, t, 3J 3.2) and 3.82 (3H, s) (in agreement with 
literature data 70). 
5-Methylpyrrolizin-3-one 169 [from 2,2-dimethyl-5-(5-methylpynol-2-ylidene)-
1,3-dioxan-4,6-dione70 (476 mg, 2.0 mmol), 600 °C, 130-140 °C, 0.01 Ton, 45 min] 
(192 mg, 71 %), bp 145-150 °C (60 Ton) (Found M,133.0523. C 8H7NO requires 
M,133.0527); ? max /methanol 292 (3.88) and 439 (3.13); 0H  6.04 (1H, d, 3J5.9), 5.89 
(1H, d, 3J 3.0), 5.64 (1H, d, 3J 3.0), 5.60 (1H, d, 3J 5.9) and 2.29 (311, s) (in 
agreement with literature data 70). 
5-Ethoxycarbonylpyrrolizin-3-one 	170 	[from 	2,2-dimethyl-5 -(5- 
ethoxycarbonylpynol-2-ylidene)- 1 ,3-dioxan-4,6-dione 7° (328 mg, 1.1 mmol), 570 
°C, 150-160 °C, 0.005 Ton, 35 min] (134 mg, 62%); 0H  7.14 (1H, d, 3J 5.9), 6.81 
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(1H, d, 3J3.3), 6.03 (1H, d, 3J3.3), 5.83 (1H, d, 3J5.9), 4.33 (21-1, q, 3J7.0) and 1.36 
(31-1, t, 3J 7.0) (in agreement with literature data 70). 
6-Bromopyrrolizin-3-one 171 [from 2,2-dimethyl-5 -(4-bromopyrrol-2-ylidene)- 1,3 - 
dioxan-4,6-dione 168 (59 mg, 0.2 mmol), 600 °C, 140 °C, 0.05 Ton, 25 min] (32 mg, 
82%); Xmax  /methanol 297 (3.98) and 423 (2.91); 6H  7.09 (1H, d, 315.9), 6.93 (1H, s), 
5.99 (1H, s) and 5.72 (1H, d, 3J5.9) (in agreement with literature data' 68). 
6-Acetylpyrrolizin-3-one 172 [from 2,2-dimethyl-5-(4-acetylpyrrol-2-ylidene)- 1,3 - 
dioxan-4,6-dione 151 (468 mg, 1.8 mmol), 650 °C, 180-200 °C, 0.01 Ton, 40 mini 
(208 mg, 73%), mp 178-179 °C (from ethyl acetate) (Found: C, 66.9; H, 4.35; N, 8.6. 
C9H7NO2 requires C, 67.1; H, 4.35; N, 8.7%); X max  /methanol 260 (4.27) and 405 
(2.87); SH 7.48 (1H, t, 4J and 5J0.7), 7.20 (1H, dd, 3J6.0 and 5J0.7), 6.45 (1H, d, 4J 
0.7), 5.81 (111, d, 3J6.0) and 2.34 (31-1, s); 8 192.36 (q), 165.19 (q), 138.84, 136.77 
(q), 131.98 (q), 122.98, 122.73, 109.63 and 26.69; m/z 161 (M, 41%), 146 (100), 
118 (27), 90 (19) and 63 (30). 
6-Methoxycarbonylpyrrolizin-3-one 	173 	[from 	2,2-dimethyl-5-(4- 
methoxycarbonylpyrrol-2-ylidene)- 1 ,3-dioxan-4,6-dione 152 (236 mg, 0.8 mmol), 
650 °C, 180-200 °C, 0.01 Ton, 25 mm] (131 mg, 88%), mp 111-112 °C (from ethyl 
acetate/hexane) (Found: C, 61.05; H, 3.85; N, 7.9. C91-17NO3 requires C, 61.0; H, 
3.95; N, 7.9%); 6H  7.49(1H, t, 4J and 5J0.7), 7.18 (1H, dd, 3J6.0 and 5J0.7), 6.39 
(1H, d, 4J 0.7), 5.77 (11-1, dd, 3J 6.0 and rj  0.3) and 3.78 (31-1, s); 3c  165.05 (q), 
163.62 (q), 138.90, 136.29 (q), 123.11, 122.84 (q), 122.50, 110.74 and 51.42; m/z 
177 (M, 98%), 146 (100), 134 (48), 118 (51), 90 (24) and 63 (66). 
7-Methylpyrrolizin-3-one 174 [from 2,2-dimethyl-5-(3 -methylpynol-2-ylidene)-
1,3-dioxan-4,6-dione 147 (2.41 g, 10 mmol), 620 °C, 130-150 °C, 0.01 Ton, 1.5 h] 
(1.31 g, 96%), bp 55-60 °C (0.3 Ton) [lit., 70 64-66 (0.4 Ton)]; A. m. /methanol 307 
(3.49) and 418 (2.64); 6H  7.06 (1H, d, 3J 5.8), 6.80 (1H, d, 3J 3.2), 5.80 (1H, d, 3J 
3.2), 5.57 (1H, d, 3J5.8) and 1.99 (3H, s) (in agreement with literature data 
70).  It was 
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also made by FVP of the propenoic acid ester derivative; from methyl (E)-3-(3-
methylpyrrol-2-yl)propenoate 154 (480 mg, 3.6 mmol), 810 °C, 90 °C, 0.005-0.03 
Ton, 1 h, (268 mg, 69%) (same data as above). 
7-Methoxypyrrolizin-3 -one 175 [from 2,2-dimethyl-5-(3 -methoxypyrrol-2-ylidene)-
1,3-dioxan-4,6-dione 148 (260 mg, 1.0 mmol), 620 °C, 150-180 °C, 0.01-0.03 Ton, 
lh] (58 mg, 37%), bp 90-95 °C (0.2 Ton) (Found M,149.0476. C 8H7NO2 requires 
M,149.0477); A.m /methano1 331 (3.84) and 412 (3.17); 8H  7.11 (1H, d, 3J5.9), 6.84 
(1H, d, 3J3.3), 5.67 (1H, d, 3J3.3), 5.52 (1H, d, 3J5.9) and 3.82 (3H, s); & 165.04 
(q), 149.55 (q), 137.24, 120.48, 118.07, 117.01 (q), 107.60 and 58.97; m/z 149 (M, 
100%), 134 (20), 120 (40), 106 (65), 93 (10), 80 (32), 63 (7) and 52 (49). 
7-Methoxycarbonylpyrrolizin-3-one 	176 	[from 	2,2-dimethyl-5-(3 - 
methoxycarbonylpyrrol-2-ylidene)-1 ,3-dioxan-4,6-dione 150 (1.75 g, 6 mmol), 620 
°C, 160-180 °C, 0.01 Ton, 1 h] (0.90 g, 81%), mp 70-71 °C (from hexane) (Found: 
C, 61.1; H, 4.0; N, 7.75. C9H7NO3 requires C, 61.0; H, 4.0; N, 7.9%); Vm (nujol) 
1742 and 1720; 8H  7.39(111, dd, 3J5.9 and 5J0.5), 6.84 (1H, dd, 3J3.3 and 5J0.5), 
6.34 (1H, dd, 3J3.3 and 6J0.8), 5.80 (1H, dd, 3J5.9 and 6J0.8) and 3.80 (3H, s); & 
165.12 (q), 163.14 (q), 139.76 (q), 138.24, 123.61, 118.21, 115.84 (q), 115.08 and 
51.60; m/z 177 (M, 100%), 146 (76), 134 (37), 118 (42), 90 (16) and 63 (33). The 
pyrolysate was rinsed with dry dichioromethane (see discussion, Sections Aid and 
D). 
Pyrolysis of methyl (E)-3-(3-methoxymethylpyrrol-2-yl)propenoate 160 
Pyrolysis of methyl (E)-3-(3-methoxymethylpynol-2-yl)propenoate 160 on a small 
scale (12 mg, 820 °C, 160-180 °C, 0.05 Ton, 15 mm) gave yellow material, which 
could not be dissolved in [2H]chloroform or [2H6]acetone. 
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Pyrolysis of methyl (EE)-5-(pyrrol-2-yl)penta-2,4-dienoate 158 
Pyrolysis of methyl (EE)-5-(pyrrol-2-yl)penta-2,4-dienoate 158 on a small scale [27 
mg, 700 °C, 100 °C, 0.001 Ton, 20 min] gave a complex mixture which was 
examined by 'H NMR spectroscopy. The only identifiable product was pyrrole; 6H 
6.81 (211, m) and 6.24 (2H, m). No trace of aza-azulenone 177 was observed. 
Pyrolysis at 600 °C gave only recovered starting material (identification by thin layer 
chromatography). 
D2. SCOPE OF FORMATION OF PYRROLIZIN-3-ONES FROM 
PYRROL-2-YLGLYOXYLIC ACID DERIVATIVES 
(a) 	Preparation of pyrrol-2-ylglyoxylic acid derivatives 
Methyl pyrrol-2-ylglyoxylate 179 
A solution of pyrrole (3.35 g, 50 mmol) in dry ether (20 cm 3) was added over 1 h to a 
stirred solution of oxalyl chloride (7.40 g, 58 mmol) in ether (50 cm3) kept at -78 °C. 
The solution became yellow. Stirring was continued for 1 h at -78 °C and the cold 
reaction mixture was then poured slowly onto a vigorously stirred solution of sodium 
methoxide [from sodium (1.55 g, 67 mmol)] in methanol (100 cm 3) at -78 °C. The 
resulting white suspension was warmed up to 0 °C and a solution of sodium 
hydrogen carbonate (10 g, 120 mmol) in water (150 cm 3) was added. The solution 
was then concentrated and extracted with dichloromethane (3 x 100 cm 3). The 
combined organic layers were dried (MgSO 4) and the solvents were removed to 
yield, after recrystallisation from chloroform, methyl pyrrol-2-ylglyoxylate 179 (4.38 
g, 57%) as colorless crystals, mp 66-67 °C (from chloroform) (lit., 78d  69-70 °C); v 
(nujol) 3297, 1724 and 1636; oH  10.41 (111, br, NH), 7.37 (111, m), 7.19 (1H, m), 
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6.30 (1H, m) and 3.89 (3H, s); 6 c 171.33 (q), 162.41 (q), 129.03 (q), 128.75, 122.78, 
112.07 and 52.71. 
Pyrrol-2-ylglyoxylamide 180 
A solution of pyrrole (3.05 g, 45 mmol) in dry ether (50 cm3) was added over 1 h to a 
stirred solution of oxalyl chloride (6.31 g, 50 mniol) in ether (40 cm 3) kept at -78 °C. 
Stirring was continued for 1 h at -78 °C and the cold reaction mixture was then 
poured slowly onto a vigorously stirred solution of liquid ammonia (Ca. 20 cm3 ) in 
ether (100 cm 3), kept at -78 °C in a flask equipped with a dry ice condenser and a 
calcium chloride trap. The trap was then replaced by a tube connected to an inverted 
funnel placed in a water bath, and the system was allowed to reach room temperature 
overnight. Water was added, the ether layer was separated and the aqueous layer was 
continuously extracted with dichioromethane over 3 days. The combined ether and 
dichioromethane fractions were concentrated to give pyrrol-2-ylglyoxylamide 180 
(4.41 g, 70%) as a white solid, mp 125 °C (from chloroform)(lit., 781' 126-127 °C); 
Vmax (nujol) 3452, 3295, 1705 and 1622; 8H (12H6jacetone)11.47 (1H, br, NH), 7.78 
(1H, br, NH), 7.49 (1H, m), 7.31 (1H, m), 7.20 (1H, br, NH) and 6.33 (1H, m). The 
13 C spectrum was complicated by exchange processes but the following peaks were 
resolved at 63 MHz (297 K): 8 C ([2H6]acetone) 164.10 (q), 164.05 (q), 128.20 (q), 
128.04 (q), 127.13, 126.96 (q), 120.76 (hr CH) and 110.22. 
N,N-dimethyl-pyrrol-2-ylglyoxylamide 181 
A solution of pyrrole (1.52 g, 23 mmol) in dry ether (10 cm 3) was added over 1 h to a 
stirred solution of oxalyl chloride (3.13 g, 25 mmol) in ether (25 cm 3) kept at -78 °C. 
Stirring was continued for 1 h at -78 °C and the cold reaction mixture was then 
poured slowly onto a vigorously stirred solution of anhydrous dimethylamine (25 
cm3) in ether (50 cm3) at -78 °C. After warming to room temperature, the white 
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precipitate which had formed was filtered off and washed thoroughly with 
dichioromethane. The filtrate was concentrated, dried (MgSO 4) and purified by dry 
flash chromatography to give N,N-dimethyl-pyrrol-2-ylglyoxylamide 181 (2.64 g, 
70%) as white crystals, mp 110 °C (from ethyl acetate) (Found: C, 57.9; H, 6.05; N, 
16.8. C 8H5NO3 requires C, 57.8; H, 6.05; N, 16.85%); Vma., (nujol) 1639 and 1627; 
oH 10.62 (111, br, NH), 7.11 (1H, m), 6.98 (1H, m), 6.26 (1H, m) 3.02 (311, s) and 
2.97 (3H, s); & 179.73 (q), 166.51 (q), 128.96 (q), 127.75, 120.87, 111.53, 37.25 and 
34.18; m/z 166 (M, 15%), 109 (21), 94 (100), 72 (46) and 66(21). 
Esterification of pyrrol-2-yI-glyoxylic acid 182 
To a stirred mixture of pyrrol-2-yl-glyoxylic acid 78a  182 (0.76 g, 5.5 mmol) and 
potassium carbonate (0.81 g, 6 mmol) in dimethyl formamide (20 cm 3) was added 
dropwise methyl iodide (0.375 cm3 , 6 mmol) and the stirring was continued for 1 day 
at room temperature. After filtration through celite, water was added to the fitrate 
which was extracted with ether (3 x 50 cm 3). The ether layer was washed with water 
(3 x 60 CM)  , dried (MgSO4) and the solvents were removed. The residues were 
dissolved in dichioromethane (15 cm 3) and washed with a solution of aqueous 
sodium hydroxide (2 M, 15 cm 3). The organic layer was separated, dried (MgSO 4) 
and concentrated to give methyl 1-methylpyrrol-2-ylglyoxylate 183 (0.27 g, 30%) as 
a colourless oil, bp 55-60 °C (0.004 Ton) [lit., 78d  98 °C (0.01 Ton)]; v na,, 1733 and 
1642; 0H  7.25 (11-1, m), 6.95 (1H, m), 6.18 (1H, m), 3.95 (3H, s) and 3.89 (3H, s); Oc 
173.77 (q), 163.61 (q), 134.32, 127.43 (q), 124.79, 109.59, 52.41 and 37.40; m/z 167 
(M, 10%), 111 (11), 108 (49), 97 (21), 85 (43), 83 (25), 71(62), 69 (29) and 57 
(100). Acidification and extraction with ether of the aqueous layer gave recovered 
pyrrol-2-yl-glyoxylic acid (0.31 g 41%). 
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Reduction of methyl pyrrol-2-ylglyoxylate 179 
To a suspension of lithium aluminium hydride (38 mg, 1 mmol) in tetrahydrofuran (5 
cm3) was added a solution of methyl pyrrol-2-ylglyoxylate 179 (58 mg, 0.4 mmol) in 
tetrahydrofuran (5 cm3) and the mixture was heated at reflux overnight. Water (2 
cm. 3) was added. The mixture wag concentrated and extracted with ether to give 
residues which were essentially 2-(Dyrrol-2-yl)ethanol 169 (32 mg, 83%); 8H  8.52 (111, 
br, NH), 6.60 (1H, m), 6.05 (111, m), 5.89 (111, m), 3.73 (2H, t, 3J5.9), 2.75 (211, t, 
5.9) and 2.28 (111, br s); 6 C 128.98, 116.35, 107.60, 105.25 , 61.96 and 30.00. 
Pyrolysis of pyrrol-2-ylglyoxylamide 180 
FVP on a small scale of pyrrol-2-ylglyoxylamide (20 mg, 500 °C, 120 °C, 0.01 Torr, 
5 mm) over 3 A molecular sieves (10 g) gave pyrrole as the only product; oH  6.81 
(2H, m) and 6.25 (211, m); 8 c 117.60 and 108.09. 
At 350 °C under the same conditions, pyrrole was also the major FVP product. 
(b) 	Preparation of propenoic acid esters derivatives 
General method 
A solution of the appropriate pyrrol-2-ylglyoxylic acid derivative and ylide was 
heated at reflux (unless otherwise stated) for the time stated. The solvent was 
removed and the products were separated from residual starting material and 
triphenyiphosphine oxide by careful dry flash chromatography , using hexane and 
ethyl acetate as eluents. The carbonylic compound, ylide, solvent, volume of 
solvent, reaction time and recovered starting material are quoted. 
Dimethyl (E)- and (Z)-pyrrol-2-ylbut-2-enedioate 185 [from methyl pyrrol-2-yl 
glyoxylate 179 (72 mg, 0.5 mmol) and methyl (triphenylphosphoranylidene)acetate 
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(186 mg, 0.6 mmol), toluene, 3 cm 3,  3.5 h, 0 mg] dimethyl (E)-pyrrol-2-ylbut-2-
enedioate (54 mg, 49%) and dimethyl (Z)-pyrrol-2-ylbut-2-enedioate (16 mg, 15%) 
(data identical to those reported in Section D3a). 
Ethyl (E)- and (Z)-3-methoxycarbonyl-2-methyl-3-(pyrrol-2-yI)propenoate 186 
[from methyl pyrrol-2-yl-glyoxylate 179 (630 mg, 4.1 mmol) and ethyl 2- 
(triphenylphosphoranylidene)propionate (1.78 g, 4.9 mmol), p-xylene, 30 cm 3 , 36 h, 
186 mg] ethyl (E)-3-methoxycarbonyl-2-methyl-3-(pyrrol-2-yl)propenoate 186 (35 
mg, 4%), bp 105-110 °C (0.3 Ton) (Found M, 237.1001. C 12H 15N04 requires M, 
237.1001); 8H  11.95 (111, br, NH), 6.90 (1H, m), 6.22 (211, m), 4.24 (2H, q, 3J7.1), 
3.89 (3H, s), 1.99 (311, s) and 1.30 (3H, t, 3J7.1); ö 169.48 (q), 169.02 (q), 13 5.8 8 
(q), 125.30 (q), 121.65, 116.38 (q), 115.14, 109.75, 61.23, 52.22, 18.14 and 13.87; 
m/z 237 (M, 40%), 205 (22), 191 (53), 177 (54), 176 (55), 155 (66), 154 (64), 128 
(56), 127 (100), 126 (80), 105 (70), 104 (71), 99 (67), 83 (68), 77 (62), 55 (80), 43 
(83) and 39 (66); ethyl (Z)-3-methoxycarbonyl-2-methyl-3-(pyrrol-2-yl)propenoate 
186 (382 mg, 39%), bp 145-150 °C (1 Ton) (Found M, 237.0999. C 1211 15N04 
requires M, 237.1001); 8H  8.96 (1H, br, NH), 6.87 (111, m), 6.43 (1H, m), 6.28 (1H, 
m), 4.21 (2H, q, 3J7.1), 3.80 (311, s), 2.15 (3H, s) and 1.29 (3H, t, 3J7.1); 5c 169. 62 
(q), 167.74 (q), 132.66 (q), 124.57 (q), 124.41 (q), 120.64, 113.44, 110.10, 61.11, 
52.51, 15.71 and 13.92; m/z 237 (M, 77%), 205 (49), 191 (60), 177 (87), 176 (78), 
163 (37), 105 (97), 104 (84) and 94 (30). 
Methyl (E)-3-aminocarbonyl-3-(pyrrol-2-yl)propenoate 187 [from pyrrol-2-yl-
glyoxylamide 180 (1.48 g, 11 mmol) and methyl 
(triphenylphosphoranylidene)acetate (4.81 g, 14 mmol), toluene, 130 cm 3 , 3.5 h, 0 
mg] methyl (E)-3-aminocarbonyl-3-(pyrrol-2-yl)propenoate 187 (687 mg, 33%) 
yellow crystals, mp 152-153 °C (from chloroform/hexane) (Found: C, 55.65, H, 5.15, 
N, 14.3. C9H 10N203 requires C, 55.65, H, 5.15, N, 14.45); 8H ([2H6]acetone) 12.44 
(111, br, NH), 7.30 (111, br, NH), 7.21 (1H, m), 6.98 (111, br, NH), 6.70 (111, m), 6.26 
224 
(111, m), 5.68 (11-1, s) and 3.78 (3H, s); & ([ 2H6]acetone) 169.06 (q), 168.34 (q), 
143.80 (q), 125.41 (q), 122.97, 117.05, 109.11, 105.23 and 50.62; m/z 194 (M, 
81%), 177 (32), 118 (31) and 91(100). Another fraction, strongly fluorescent, was 
isolated from the column and characterised as methyl [5-oxo-4-(pyrro1-2-y1)-]H-
pyrro1e-2(5H)-y1idene]acetate 193 (5 mg, 0.2%), (Found M, 218.0690. C 11 H 10N203 
requires M, 218.0691); oH 10.39 (1H, br, NH), 9.23 (1H, br, NH), 6.95 (1H, m), 6.73 
(111, m), 6.71 (111, d, flj  1.5), 6.31 (1H, m), 5.38 (1H, s) and 3.77 (3H, s); & 171.38 
(q), 167.51 (q), 149.69 (q), 128.48 (q), 123.61 (q), 121.88, 119.86, 111.73, 110.80, 
98.96 and 51.61; m/z 218 (M, 58%), 187 (31), 186 (26), 125 (20), 119 (22), 111 
(38), 97 (66), 95 (44), 91(26), 85 (40), 83 (65), 55 (89) and 43 (92). 
Methyl (E)- and (Z)-3-(NN-dimethylaminocarbonyl)-3-(pyrrol-2-yl)propenoate 
188 [from NN-dimethyl-pyrrol-2-yl-glyoxylamide 181 (610 mg, 3.7 mmol) and 
methyl (tnphenylphosphoranylidene)acetate (1.64 g, 4.9 mmol), p-xylene, 55 cmi , 44 
h, 94 mg] methyl (E)-3-(N, N-dimethylaminocarbonyl)-3-(pyrrol-2-yl)propenoate 
188 (360 mg, 44%) yellow oil, bp 95-100 °C (0.3 Torr) (Found M, 222.1000. 
C 11 H 14N203 requires M, 222.1004); 8H  12.49 (111, br, NH), 7.03 (11-1, m), 6.40 (111, 
m), 6.26 (1H, m) 5.49 (1H, s), 3.75 (311, s), 3.08 (3H, s) and 2.94 (314, s); & 168.93 
(q), 168.89 (q), 143.41 (q), 125.60 (q), 123.66, 117.00, 110.44, 105.28, 51.71, 38.46 
and 34.38; m/z 222 (M, 59%), 190 (12), 178 (15), 151 (52), 150 (50), 119 (21), 118 
(18), 116 (32), 92 (19) and 91(64). An extra column chromatography (on alumina, 
using hexane/ethyl acetate) was necessary to separate the (Z)-isomer from 
triphenyiphosphine; methyl (Z)-3-(N,N-dimethylaminocarbonyl)-3-(pyrrol-2-
yl)propenoate 188 (126 mg, 15%) yellow crystals, mp 147-149 °C (from ethyl 
acetate) (Found: C, 59.35; H, 6.45; N, 12.2. C 11 H 14N203 requires C, 59.45; H, 6.35; 
N, 12.6%); 0H  9.44(1H, br, NH), 6.83 (1H, m), 6.48 (111, m), 6.20 (111, m), 6.00 
(111, s), 3.68 (3H, s), 3.11 (3H, s) and 2.88 (311, s); Oc  168.80 (q), 166.25 (q), 142.96 
(q), 126.23 (q), 123.84, 113.48, 110.26, 106.51, 51.24, 37.57 and 34.33; m/z 222 
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(M, 100%), 178 (22), 151 (90), 150 (85), 119 (29), 118 (25), 116 (50), 92 (29) and 
91(92). 
Wittig reaction of pyrrol-2-ylglyoxylic acid 182 
Using a similar procedure [from pyrrol-2-ylglyoxylic acid (50 mg, 0.4 mmol) and 
methyl (triphenylphosphoranylidene)acetate (139 mg, 0.4 mmol), toluene at 90 °C, 3 
cm 3,  3 h] methyl [5-oxo-4-(pyrrol-2-yl)-5H-furan-2-ylidene]acetate 192 (21 mg, 
27%) was purified by dry flash chromatography to yield a solid, mp 139-132 °C 
(from ethyl acetate) (Found M, 219.0530. C 11 H9N04 requires M, 219.0531); 8H 
([2H6}acetone) 11.07 (114, br, NH), 8.12 (111, s), 7.20 (11-1, m), 7.12 (11-1, m), 6.33 
(111, m), 5.78 (114, s) and 3.76 (3H, s);8 C ([2H6]acetone) 166.04 (q), 164.74 (q), 
160.00, 126.06 (q), 123.78, 123.61 (q), 121.17, 113.61, 109.96, 97.56 and 50.17; m/z 
219 (Mt, 100%), 217 (52), 188 (82), 161 (69), 160 (63), 159 (76), 148 (52) 131 (46), 
118 (49), 104 (59), 94(69), 92(77), 91(97), 69(88), 64(61), 63(65), 52 (56) and 39 
(59). 
Wittig reaction of (Z)-pyrrol-2-ylbut-2-enedioic acid 190 
Methyl [5-oxo-4-(pyrrol-2-yl)-5H-furan-2-ylidene]acetate 192 was synthesised as 
above [from (Z)-pyrrol-2-ylbut-2-enedioic acid (233 mg, 1.3 mmol) and methyl 
(triphenylphosphoranylidene)acetate (600 mg, 1.8 mmol), toluene, 30 cm 3 , 3 h], (89 
mg, 32%) (NMR data identical with those above). 
(c) 	Flash vacuum pyrolysis 
1-(N,N-Dimethylaminocarbonyl)pyrrolizin-3-one 196 [from methyl (E)-3-(N,N- 
dimethylaminocarbonyl)-3-(pyrrol-2-yl) propenoate 188 (190 mg, 0.8 mmol), 650 
°C, 100-120 °C, 0.01-0.05 Ton, 35 min]. The trap was rinsed with dichloromethane 
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and the solvents were removed under vacuum to yield a dark liquid (101 mg) 
containing 3 products, which were identified by comparing the 1 H and ' 3C NMR 
spectra of the pyrolysate with spectra of authentical samples. The respective yields 
were calculated from the relative ratios of the products, obtained by integration of the 
NMR signals. 1-(N,N-dimethylaminocarbonyl)pyrrolizin-3-one 196 (46%), bp 180-
185 °C (0.6 Ton) (partial dec.) (Found M, 190.0744. C 10H 10N202 requires M, 
190.0742); 8H  6.93 (1H, dd, 3J3.1 and 4J0.8), 6.10 (1H, dd, 3J3.1 and 4J0.8), 6.04 
(1H, td, 3J 3.1 and 6J 0.7), 5.67 (111, d, 6J 0.7), 3.11 (3H, s) and 3.06 (311, s); & 
164.11 (q), 162.75 (q), 145.47 (q), 134.95 (q), 119.37, 119.28, 115.85, 112.54, 38.27 
and 34.78; m/z 190 (M, 100%), 147 (42), 119 (38), 118 (32), 91(93), 90 (44), 72 
(44), 63 (24), 44 (12), 42 (19) and 39 (22), pyrrolizin-3-one 197 (8%); oH  7.05 (1H, 
d, 3J 5.9), 6.87 (1H, d, 3J 3.1), 5.97 (2H, m) and 5.64 (1H, d, 3J 5.9) and 2-
ethynylpyrrole 198 (11%); 0H  6.73 (1H, m), 6.49 (111, m), 6.14 (114, m) and 3.16 
(1H, s) (data similar to those reported in Section 133c). Distillation of the entire 
fraction gave pure 1 -(N,N-dimethylaminocarbonyl)pyrrolizin-3-one 196 (28 mg, 
17%) which is stable in solution for weeks at room temperature. 
At 600 °C, 20% of the starting material was recovered. 
At 700 °C, 1-(N, N-dimethylaminocarbonyl)pyrrolizin-3 -one,  pyrrolizin-3-one and 2-
ethynylpyrrole were formed in the ratio 6 : 5 5. 
Pyrolysis of methyl (E)-3-aminocarbonyl-3-(pyrrol-2-yl)propenoate 187 
Pyrolysis of methyl (E)-3-aminocarbonyl-3-(,yrrol-2-yl)propenoate 187 [(56 mg, 0.3 
mmol), 700 °C, 120 °C, 0.02 Ton, 35 min] gave a red pyrolysate which was washed 
with acetone. Removal of the solvents yielded 3-(pyrrol-2-yl)-pyrrole-2, 5-dione 194 
(30 mg, 64%) which decomposed when distillation was attempted. (Found M, 
162.0430. C8H6N202 requires M, 162.0429); 0H  ([2H6]acetone) 11.17 (1H, br, NH), 
9.93 (1H, br, NH), 7.24 (1H, m), 7.14 (1H, m), 6.49 (1H, s) and 6.32 (1H, dt, J3.8 
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and "J2.4); ö ([ 2H6]acetone) 171.00 (q), 170.80 (q), 135.09 (q), 124.06, 121.22 (q), 
114.63, 112.69 and 109.96; m/z 162 (Mt, 4%) and 91(100). A trace of a minor by-
product present in the pyrolysate was identified as ]-aminocarbonylpyrrolizin-3-one 
195 on the basis of its 'H NMR spectrum; 8H  ([2H6]acetone) 7.76 (111, br, NH), 7.37 
(1H, br, NH), 7.09 (1H, d, 3J3.2), 6.38 (1H, d, 3J3.2), 6.22 (1H, s) and 6.14 (1H, t, 
3J3.2). 
2-Methyl-1-methoxycarbonylpyrrolizin-3 -one 199 
[From ethyl (Z) -3 -methoxycarbonyl-2-methyl-3-(pyrrol-2-yl)propenoate 186 (141 
mg, 0.6 mmol), 625 °C, 120-150 °C, 0.02-0.05 Torr, 20 min] The pyrolysate was 
taken up in dichioromethane. Removal of the solvents and bulb-to-bulb distillation 
afforded 2-methyl-1-methoxycarbonylpyrrolizin-3-one 199 (83 mg, 73%) as the 
major product along with at least two other minor products which were not 
identified, bp 110-120 °C (0.3 Ton) (Found M, 191.0574. C 10H9NO3 requires M, 
191.0582); 8H 6.86 (11-1, ddq, 3J3.1, 4J0.8 and 6J0.5), 6.14 (1H, ddq, 3J3.1, 4J0.8 
and 6J0.5), 5.99 (1H, t, 3J3.1), 3.87 (3H, s) and 2.15 (311, t, 6J0.5); 5C 164.90 (q), 
162.43 (q), 139.63 (q), 132.56(q), 124.53 (q), 118.77, 116.06, 111.76, 52.01 and 
10.32; m/z 191 (M, 55%), 176 (50), 132 (19), 105 (84), 104 (100), 77 (41) and 51 
(63). 
D3. MECHANISM AND 	SCOPE OF FORMATION OF 1- 
ALKOXYCARBONYLPYRROLIZIN-3-ONES 
(a) 	Preparation of dimethyl pyrrol-2-vlbut-2-enedioate 185 
A solution of freshly distilled pyrrole (6.84 g, 0.1 mol) and dimethyl 
acetylenedicarboxylate (14.36 g, 0.1 mol) was stirred under nitrogen for 4 days at 
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room temperature. Wet flash column chromatography on silica gel of the resulting 
mixture gave dimethyl (E)-pyrrol-2-ylbut-2-enedioate 185 (7.62 g, 36%) as a yellow 
oil, bp 120-125 °C (0.01 Ton); Vms,, (nujol) 3181, 1741, 1689 and 1573; 8H 12.50 
(114, br s, NH), 7.05 (11-1, m), 6.72 (11-1, m), 6.29 (1H, m), 5.96 (11-1, s), 3.88 (311, s) 
and 3.78 (31-1, s); & 168.84 (q), 168.05 (q), 138.62 (q), 125.73 (q), 123.64, 117.99, 
110.43, 109.66, 52.66 and 52.03, followed by dimethyl (Z)-pyrrol-2-ylbut-2-
enedioate 185 (5.93 g, 28%) a yellow solid, mp 98-101°C (from hexane); Vm  ax (nujol) 
3192, 1743, 1702 and 1604; 8H  9.14 (11-1, br s, NH), 6.88 (1H, m), 6.45 (11-1, m), 6.24 
(1H, m), 5.99 (111, s), 3.91 (31-1, s) and 3.70 (311, s); & 168.22 (q), 166.19 (q), 139.98 
(q), 125.55 (q), 123.77, 113.99, 110.67, 107.65, 52.58 and 51.47 (see discussion, 
Section A3 a for the determination of the stereochemistry). 
(b) 	Pyrolysis of dimethyl pvrrol-2-vlbut-2-enedioate; mechanism of 
formation and dimerisation of 1-methoxvcarbonvlpvrrolizin-3-one 
Pyrolysis of dimethyl (E)- and (Z)-pyrrol-2-ylbut-2-enedioate 185 
Dimethyl (E)- or (Z)-pyrrol-2-ylbut-2-enedioate or a mixture of both were used 
without distinction (see discussion). 
(i) Keeping the trap cold; upon completion of the pyrolysis of dimethyl 
pyrrol-2-ylbut-2-enedioate [70 mg, 700 °C, 80 °C, 0.005 Ton, 15 min], the FVP trap 
was warmed up to -30 °C/-20°C (bath of dry ice/acetone) and [ 2H]chloroform was 
added. 1 H and ' 3 C NMR spectra were recorded immediately at low temperature. 
They are characteristic of 1-methoxycarbonylpyrrolizin-3-one 202; 2m  /methanol 
313 (~: 3.51) and 438 (~: 2.72); oH (253K) 6.91(111, d, 3J3.1), 6.29 (111, d, 3J3.1), 
6.21 (111, s), 6.02 (111, t, 3J3.1) and 3.87 (31-1, s); Oc  (253K) 163.77 (q), 161.40 (q), 
140.88 (q), 133.93 (q), 126.34, 119.82, 116.28, 114.11 and 52.77. 
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Using the usual trap; the products of pyrolysis [from dimethyl pyrrol-2-
ylbut-2-enedioate (231 mg, 1.1 mmol), 700 °C, 60 °C, 0.0005 Ton, 15 min] were 
dissolved in acetone (50 cm3). The solution was filtered and set aside for 4 days. 
The solvent was then removed to give a mixture of trans- and cis- dimethyl 7,8-
dioxo- 7, 7a, 7b, 8-tetrahydro-6a, 8a-diaza-cyclobuta[1, 2-a, 4,3-a ']dipentalene-3b, 3c-
dicarboxylate 204 and 205 (129 mg, 66%), respectively in a ratio of 2 : 1 (ratio 
determined by 'H NMR). Dry flash column chromatography on silica (using ethyl 
acetate and hexane as eluents) allowed the separation of the two isomers. The first 
one to elute was the major trans-isomer 204 as colourless crystals, mp 178 °C (from 
toluene) (Found: C, 61.15; H, 3.95; N, 7.85. C 18H 14N206 requires C, 61.0; H, 3.95; 
N, 7.9%) (Found M, 354.0846. C 18H 14N206 requires M, 354.0851); 8H 7.17 (1H, dd, 
3J 3.2 and 4J 1. 1), 6.54 (1H, t, 3J 3.2), 6.37 (1H, dd, 3J 3.2 and 4J 1. 1), 4.03 (1H, s) 
and 3.57 (311, s); & 167.30 (q), 166.48 (q), 133.09 (q), 120.11, 113.71, 109.00, 55.02 
(q), 52.96 and 47.52; ,n/z 354 (M, 8%), 322 (12), 290 (9), 178 (12), 177 (100), 118 
(33) and 91(20), followed by the cis-isomer 205 as colourless crystals mp 160-162 
°C (from hexane) (Found M, 354.0871. C 18H 14N206 requires M, 354.0851); 8H 6.90 
(111, d, 3J3.1), 6.33 (111, t, 3J3.1), 6.13 (1H, d, 3J3.1), 4.36 (1H, s) and 3.80 (311, s); 
c 168.07 (q), 165.85 (q), 133.09 (q), 119.77, 113.30, 108.99, 53.40 (q), 53.18 and 
47.12; ,n/z 354 (M, 4), 322 (8), 290 (7), 178 (11), 177 (100), 118 (54), 91(42), 90 
(20), 63 (13) and 39(13). 
Procedure using the cold finger trap; a cold finger trap was positioned at 
the exit point of the furnace as close as possible to the hot zone. The connection 
situated between the furnace silica tube and the cold finger trap was wrapped in tin-
foil. In this way the FVP product condensed almost exclusively on the cold finger. 
Under nitrogen, 1 -methoxycarbonylpyrrolizin-3-one 202 was washed from the trap, 
commonly with ice-cooled acetone. The solution (below 0°C) was then poured into a 
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round-bottom flask. It can either be directly used or, acetone can be removed under 
vacuum below 0 °C. Alternative solvents can then be added. 
Dimerisation of 1-methoxycarbonylpyrrolizin-3-one 202 
1 -Methoxycarbonylpyrrolizin-3-one 202 in solution, on an NMR tube scale, was set 
aside at room temperature under different conditions and the dimerisation was 
followed by 'H NMR spectroscopy. The solvent and particular conditions are 
indicated; [2H]chloroform; [2H6]acetone; [2H4]methanol; [2H]chloroform in dark 
conditions; [2H]chloroform with 2,4,6-tri-tert-butylphenol (15 eq). The rates of 
dimerisation were qualitatively identical, the reaction being complete in just over 1 
day. 
Attempted [2+2] Cycloadditions of 1-methoxycarbonylpyrrolizin-3-one 202 
Room temperature NMR tubes reactions of 1-methoxycarbonylpyrrolizin-3-one 202 
in [2H]chloroform with dimethyl acetylene dicarboxylate (1.3 eq), maleic anhydride 
(3 eq) or ethyl vinyl ether (2.5 eq) were unsuccessful; only the dimers of 1-
methoxycarbonylpyrrolizin-3-one were formed. 
Hydrogenation of trans-dimethyl 7,8-dioxo-7,7a,7b,8-tetrahydro-6a,8a-diaza-
cyclobuta[1 ,2-a;4,3-a' ] dipentalene-3b,3c-dicarboxylate 204 
Hydrogenation on a small scale of trans-dimethyl 7,8-dioxo-7,7a,7b,8-tetrahydro-
6a,8a-diaza-cyclobuta[ 1 ,2-a;4,3 -a' ]dipentalene-3b,3c-dicarboxylate 204 (5% Pd-C, 
ethanol, 45 PSI, 2 h) gave a complicated mixture. No resonances were identifiable in 
the 'H NMR spectrum. 
Equilibration of 1-methoxycarbonylpyrrolizin-3-one 202 and its dimer(s) with 
temperature 
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Pure trans-dimethyl 7,8-dioxo-7,7a,7b,8-tetrahydro-6a,8a-diaza-cyclobuta[ 1 ,2-a;4,3 - 
a']dipentalene-3b,3c-dicarboxylate 204 (15 mg, 0.04 mmol) in an NMR tube was 
dissolved in [2H8]toluene (0.7 cm 3). The tube was heated in the probe and the 
equilibration was directly followed by 'H NMR spectroscopy. The relative ratios of 
each component were determined by examination of characteristic chemical shifts (in 
ppm) obtained at room temperature: 1-methoxycarbonylpyrrolizin-3-one 202, 3.16 
(3H); trans-dimer 204, 2.94 (6H) and 3.64 (211); cis-dimer 205, 3.18 (611) and 3.69 
(2H). No change was recorded after 15 min at 364 K. The temperature was 
increased to 374 K. 1 -methoxycarbonylpyrrolizin-3-one resonances then occurred. 
Its molar percentage at different times was measured; 4 mm, 11%; 9 mm, 17%; 13 
mm, 22%; 16 mm, 23%; 19 mm, 30%; 27 mm, 36%; 31 mm, 37%; 36 mm, 36%. No 
cis-dimer was observed. The temperature was increased to 379 K and the amount of 
monomer was recorded as follows: 3 mm, 40%, 7 mm, 43%; 12 mm, 46%; 17 mm, 
47%; 22 mm, 48%; 27 mm, 48%. A small amount of the cis-dimer was present. The 
ratio monomer 202: trans-dimer 204: cis-dimer 205 at equilibrium (379 K) was 48 
49 : 3. The chemical shifts (in ppm) observed at 379 K were; monomer, 3.27; trans-
dimer, 3.04 and 3.69; cis-dimer, 3.26 and 3.80. 
Formation of trimethyl 6-oxo-5,5a,10b,10c-tetrahydro-3H-pyrrolizino 11,2-
e] indole-4,5,10b-tricarboxylate 206 
(i) During recrystallisation trials of a fraction which was predominantly the 
cis-dimer 205, a single crystal of trimethyl 6-oxo-5, 5a, 1 Ob, 1 Oc-tetrahydro-3H-
pyrrolizino[1, 2-e]indole-4, 5,1 Ob-tricarboxylate 206 was selected, after slow 
recrystallisation from isopropyl alcohol. (Found M, 386.1136. C 1911 18N207 requires 
M, 386.1114); m/z 386 (Mt, 1.6%), 354(11), 322 (8), 290 (10), 178 (13), 177 (100), 
149 (11), 118 (42) and 9l (20). 
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(ii) The following attempts to reproduce the formation of the previous 
compound were carried out on an NMR tube scale and followed by 'H NMR: 
a) 	dimethyl pyrrol-2-ylbut-2-enedioate 185 (ca. 2 eq.) with 1- 
methoxycarbonylpyrrolizin-3-one 202 at room temperature in [ 2H]chloroform; the 2 
dimers plus at least another 2 unidentified products were formed in addition to 
remaining starting material. No chromatography was attempted as the products did 
not show clear separation by t.l.c. 
3) dimethyl pyrrol-2-ylbut-2-enedioate 185 (2.2 eq.) with dimer trans-dimethyl 7,8-
dioxo-7,7a,7b,8-tetrahydro-6a,8a-diaza-cyclobuta[ 1 ,2-a;4,3 -a' ]dipentalene-3b,3 c-
dicarboxylate 204 at 110 °C for 13 h in toluene. A complicated mixture of products 
was again formed, similar to the ones above. 
y) dimethyl pyrrol-2-ylbut-2-enedioate 185 (1 eq.) with maleic anhydride at 60 °C 
for 3 days in [2H]chloroform. Broad resonances not identifiable were observed. 
Pyrolyses of dimethyl (E)- and (Z)-pyrrol-2-ylbut-2-enedioate 185 at variable 
furnace temperatures 
Pyrolyses of dimethyl (E)- and (Z)-pyrrol-2-ylbut-2-enedioate 185 were carried out 
on small scales (weight of starting materials :!~ 40 mg) at pressures of 0.0004-0.001 
Torn The inlet temperatures were 75 °C for the FVP of the (E)-isomer and 110 °C 
for the (Z)-isomer. Upon completion of the FVP, the trap was warmed up to -30 °C/-
20 °C (bath of dry ice/acetone) and [ 2H]chloroform was added. 1 H NMR spectra 
were recorded at room temperature within 15 mm. Each pyrolysis afforded 
potentially 5 products: the 2 dimethyl (E)- and (Z)-pyrrol-2-ylbut-2-enedioate 
diesters 185, l-methoxycarbonylpyrrolizin-3-one 202 and the two cis- and trans-
dimers 204 and 205. The relative ratios of each component were determined by 
examination of characteristic resonance integrals in the 1 H NMR spectrum, 
respectively 5.96 (111), 5.99 (1H), 6.20 (111), 6.14 (211) and 7.18 (2H) ppm. The 
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ratios due to the last three products were combined to give a single percentage, 
reported as the 1 -methoxycarbonylpyrrolizin-3-one. 
Pyrolyses of dimethyl (E)-pyrrol-2-ylbut-2-enedioate: 500 °C, (E)-isomer 
(85%), (Z)-isomer (12%) and 1-methoxycarbonylpyrrolizin-3-one (3%); 550 °C, (E)-
isomer (68%), (Z)-isomer (20%) and 1-methoxycarbonylpyrrolizin-3-one (12%); 600 
°C, (E)-isomer (34%), (Z)-isomer (23%) and 1-methoxycarbonylpyrrolizin-3-one 
(42%); 	650 	°C, 	(E)-isomer 	(14%), 	(Z)-isomer 	(9%) 	and 	1- 
methoxycarbonylpyrrolizin-3-one (77%); 700 °C, (E)-isomer (0%), (Z)-isomer (0%) 
and 1 -methoxycarbonylpyrrolizin-3 -one (100%). 
Pyrolyses of dimethyl (Z)-pyrrol-2-ylbut-2-enedioate: 500 °C, (E)-isomer 
(16%), (Z)-isomer (83%) and 1-methoxycarbonylpyrrolizin-3-one (1%); 550 °C, (E)-
isomer (30%), (Z)-isomer (64%) and 1-methoxycarbonylpyrrolizin-3-one (6%); 600 
°C, (E)-isomer (32%), (Z)-isomer (30%) and 1-methoxycarbonylpyrrolizin-3-one 
(38%); 	650 	°C, 	(E)-isomer 	(15%), 	(Z)-isomer 	(12%) 	and 	1- 
methoxycarbonylpyrrolizin-3-one (73%); 700 °C, (E)-isomer (1%), (Z)-isomer (2%) 
and 1 -methoxycarbonylpyrrolizin-3-one (97%). 
Isomerisation of dimethyl fumarate and dimethyl maleate at variable furnace 
temperatures 
Pyrolyses of dimethyl fumarate and dimethyl maleate were carried out on small 
scales (weight of starting materials :!~ 80 mg) under a pressure of 0.01 Ton. The inlet 
temperature was 40-60 °C for both isomers. Upon completion of the FVP, the trap 
was warmed up to room temperature and [ 2H]chloroform was distilled through the 
trap to remove products of the trap. 'H NMR spectra of the resulting solutions were 
recorded and the relative ratios of each isomer was then determined. 
(i) Pyrolysis of dimethyl fumarate: 650 °C, dimethyl fumarate (100%) and 
dimethyl maleate (0%); 700 °C, dimethyl fumarate (97%) and dimethyl maleate 
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(3%); 750 °C, dimethyl fumarate (93%) and dimethyl maleate (7%); 800 °C, 
dimethyl fumarate (83%) and dimethyl maleate (17%); 850 °C, dimethyl fumarate 
(82%) and dimethyl maleate (18%); 900 °C, dimethyl fumarate (82%) and dimethyl 
maleate (18%). 
(ii) Pyrolysis of dimethyl maleate: 600 °C, dimethyl fumarate (2%) and 
dimethyl maleate (98%); 650 °C, dimethyl fumarate (6%) and dimethyl maleate 
(94%); 700 °C, dimethyl fumarate (17%) and dimethyl maleate (83%); 750 °C, 
dimethyl fumarate (53%) and dimethyl maleate (47%); 800 °C, dimethyl fumarate 
(81%) and dimethyl maleate (19%); 850 °C, dimethyl fumarate (83%) and dimethyl 
maleate (17%). 
(c) 	Mechanism of pyrolysis of diethyl pyrrol-2-ylbut-2-enedioate 
Synthesis and pyrolysis of (Z)-pyrrol-2ylbut-2-enedioic acid 190 
(i) To a solution of dimethyl (Z)-pyrrol-2-ylbut-2-enedioate 185 (1.94 g, 9 
mmol) in methanol (100 cm. 3) was added a solution of aqueous sodium hydroxide (5 
M, 20 cm3) and the reaction mixture was heated under reflux for 5 h. Methanol was 
removed under vacuum leaving a light brown residue to which was added water (60 
3) and hydrochloric acid (5%, 60 cm3). After extraction with ether (3 x 100 cm cm 	 ), 
the combined organic layers were dried (MgSO 4) and concentrated to give (Z)-
pyrrol-2ylbut-2-enedioic acid 190 (1.28 g, 76%) as a yellow solid turning quickly to 
brown-black at room temperature. (Found: C, 52.4; H, 4.2; N, 7.2. C 81­17N04, 0.2 H20 
requires C, 52.0; H, 4.0; N, 7.6%) (Found M, 181.0361. C 8H7N04 requires M, 
181.0375); Vm  (nujol) 3373, 1715 and 1664; 6H  ([2H6]acetone) 10.80 (1H, br, NH), 
5.6-8.4 (211, v br, 2xCO2H), 7.06 (1H, m), 6.49 (111, m), 6.23 (1H, m) and 6.14 (1H, 
S); 8C
([2H6]acetone) 166.76 (q), 165.23 (q), 140.90 (q), 125.71 (q), 122.68, 113.09, 
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109.34 and 106.06; m/z 181 (M, 1%), 164 (13), 163 (66), 137 (3), 119 (7), 92 (19) 
and 91(81). 
(ii) Pyrolysis of (Z)-pyrrol-2ylbut-2-enedioic acid 190 on a small scale (24 
mg, 700 °C, 120-150 °C, 0.005-0.01 Ton, 10 mm) gave 2-ethynylpyrrole 198 
characterised by its 'H NMR spectrum, identical with that from an authentic sample 
(see below). 
At much lower temperature pyrolysis (50 mg, 400 °C, 135-150 °C, 0.0006 Ton, 25 
mm) gave exclusively 3-(pyrrol-2-yl)furan-2,5-dione 191 characterised by its 'H 
NMR spectrum, identical with that from an authentic sample (see below). 
Synthesis and pyrolysis of 3-(pyrrol-2-yl)furan-2,5-dione 191 
A solution of (Z)-3-(pyrrol-2-yl)furan-2,5-dione acid 190 (240 mg, 1.3 
mmol) and acetic anhydride (3 cm 3) was heated at reflux for 1.5 h. Acetic acid and 
acetic anhydride were then removed under vacuum to leave a black residue, which 
was taken up in dichloromethane and heated under reflux with decolourising charcoal 
for 0.5 h. Filtration through Celite and removal of the solvent gave 3-(pyrrol-2-
yl)furan-2,5-dione 191 (89 mg, 41%) as a yellow oil becoming solid on standing, mp 
110-112 °C (from ethyl acetate) (Found M, 163.0267. C 8H5NO3 requires M, 
163.0269); 6H  10.02 (1H, br, NH), 7.18 (1H, m), 7.04 (1H, m), 6.45 (1H, s) and 6.42 
(1H, m); 8C 166.95 (q), 164.43 (q), 136.97 (q), 126.50, 120.95 (q), 117.94, 113.00 
and 112.12; m/z 163 (M, 30%), 92 (8), 91(100), 64 (15) and 63 (17). 
Pyrolysis of 3-(pyrrol-2-yl)furan-2,5-dione on a small scale (20 mg, 700 
°C, 105 °C, 0.005 Ton, 5 mm) gave 2-ethynylpyrrole 198 ('H NMR spectrum 
identical with that from an authentic sample). 
Similarly pyrolysis of phenylmaleic anhydride on a small scale (25 mg, 750 °C, 135 
°C, 0.005 Ton, 10 mm) gave ethynylbenzene; 8H  (60 MHz) 7.36 (5H, m) and 3.02 
(1 H, s) ( data identical with those from an authentic sample). 
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Synthesis of 2-ethynylpyrrole 19898 
Synthesis of 3 -methylisoxazol-5 -one: A solution of ethyl acetoacetate 
(65.1 g, 0.5 mol) and hydroxylamine hydrochloride (69.5 g, 1.0 mol) in 75% 
methanol (270 cm3) was stirred at 25 °C for 2 h. After removal of methanol under 
vacuum, the concentrated aqueous mixture was filtered to remove excess 
hydroxylamine hydrochloride and extracted with chloroform (3 x 150 cm 3). The 
organic layer was dried (MgSO 4) and concentrated to give 3 -methylisoxazol-5 -one 
(33.0 g, 66%); 8H  3.38 (211, s) and 2.10 (3H, s); 8 C 175.21, 163.54, 36.83 and 14.47; 
m/z 99 (M, 40%), 71(61), 54 (56), 42 (82), 41 (100) and 39 (85). 
Synthesis of 3-methyl-4-(iyrro1-2-y1idene)isoxazol-5-one 210: A 
solution of 3 -methylisoxazol-5 -one (6.10 g, 61 mmol) and pyrrole-2-carboxaldehyde 
(5.48 g, 57%) in a mixture of chloroform (40 cm 3) and ethanol (120 cm 3) was stirred 
overnight at room temperature. After concentrating to half volume, the black solid 
was filtered and treated with decolourising charcoal in boiling dichloromethane. The 
mixture was filtered through Celite and the residue, after removal of the solvent, was 
recrystallised from hexane/chloroform to afford yellow crystals of 3-methyl-4-
(pyrrol-2-ylidene)isoxazol-5-one 210 (4.35 g, 43%), mp 186-187 °C (from 
chloroform-hexane)(lit., 98 187-188 °C); 6H  13.00 (111, br s), 7.39 (1H, m), 7.23 (1H, 
s), 7.01 (1H, m), 6.49 (1H, m) and 2.24 (311, s); 8 c 172.92 (q), 160.89 (q), 134.67, 
131.50, 130.30(q), 126.97, 114.26, 108.11 (q)and 11.10. 
Pyrolysis of 3 -methyl-4-(pyrrol-2-ylidene)isoxazol-5 -one 210: FVP (66 
mg, 750 °C, 120 °C, 0.0006 Ton, 35 mm) gave 2-ethynylpyrrole 198; oH  8.40 (1H, 
br s), 6.74 (1H, m), 6.50 (iF!, m), 6.16 (iF!, m) and 3.18 (1H, s) (in agreement with 
the literature data 98); & (253K) (one quaternary missing) 119.54, 115.19, 108.61, 
78.48 and 76.15 (q). 
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E) HYDROGENATION OF PYRROLIZIN-3-ONES 
The hydrogenations were performed in most cases at room temperature and at 
medium pressure (45 to 60 PSI), using the Paar 3921 shaker type hydrogenation 
apparatus. At a preliminary stage, the hydrogenation of the pyrrolizin-3-one 
derivatives were carried out on a small scale as follows; a solution of the substrate 
(10-20 mg) in solvent (10-15 cm) was hydrogenated with the heterogeneous catalyst 
(ca. 5 mg) for the time stated. Filtration through Celite and removal of the solvent 
under vacuum afforded the hydrogenation products. No yields were recorded. On 
larger scales the experiments were carried out lowering progressively the amount of 
catalyst. 
El. PRELIMINARIES 
Hydrogenation of pyrrolizin-3-one 197 
A solution of pyrrolizin-3-one 197 (337 mg, 2.8 mmol) in ethanol (20 cm3) was 
hydrogenated at 45 PSI over 5% Pd-C (30 mg) for 2 h at room temperature. After 
filtration through Celite, the solvent was removed to yield hexahydropyrrolizin-3-one 
1 (332 mg, 94%) as a colourless liquid, bp 90-95 °C (12) [lit., 17  88-94 °C (8 Ton)]; 
H (600 MHz) 3.80 (1H, m, H7A, 3.43 (1H, ddd, 2J 11.6, 3J7.8 and 7.8, Hsb), 2.95 
(1H, dddd, 2J 11.6, 3J 9.1 and 3.8, "J 1.4, H5a), 2.64 (1H, dddt, 2J 16.6, 3J 11.2 and 
8.9, "j  1. 1, H), 2.35 (1H, ddd, 2J 16.6, 3J9.4 and 1.9, H2b), 2.20 (1H, dddd, 2J 12.6, 
J8.9, 6.8 and 1.9, Hi a), 2.02 (1H, m, H60, 1.89-1.99 (2H, m, H6a  and  H70  1.63 (1H, 
dddd, 2J 12.6, 3J 11.2, 9.4 and 7.8, H,b) and 1.23 (1H, m, H7b); 8C 174.49 (C3), 61.84 
(C7 ), 40.62 (CO'  35.07 (C2), 31.82 (C7), 26.83 (C 1 ) and 26.67 (C 6). 
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Hydrogenation of 3H-pyrrolizine 216 
A solution of 3H-pyrrolizine 21687  (196 mg, 1.9 mmol) in ethanol (20 cm. 3) was 
hydrogenated at 55 PSI over 5% Pd-C (205 mg) for 8 h at room temperature. After 
filtration through Celite, the solvent was remove to yield an oil (200 mg) containing 
1 ,2-dihydro-3H-pyrrolizine, hexahydropyrrolizine and 2-propyl- 1 H-pyrrole in the 
respective ratios 45 : 20 35. Dry flash chromatography (using hexane and ethyl 
acetate as eluents) gave 1,2-dihydro-3H-pyrrolizine 217 (16 mg); 8H  6.63 (11-1, dd, 3J 
2.6, 4J1.1), 6.25 (1H, dd, 3J3.3 and 2.6), 5.83 (1H, dd, 3J3.3 and 4J1.1), 3.96 (21-1, t, 
3J7.2), 2.86 (21-1, t, 3J7.2), 2.59 (21-1, quintet, 3J7.2); öc  137.03 (q), 113.42, 111.93, 
98.59, 45.94, 27.67 and 23.83 (data similar to those of an authentic sample 87) 
followed by 2-propyl-]H-pyrrole 219 (7 mg), bp 65-70 °C (50 Ton) flit., 170  111 °C 
(80 Ton)]; 8H7•87  (1H, br, NH), 6.66 (1 H, m), 6.13 (1H, m), 5.91 (1H, m), 2.57 (21-1, 
t, 3J7.7), 1.66 (21-1, tq, 3J7.7 and 7.3) and 0.96 (31-1, t, 3J7.3); 8c 132.57 (q), 115.86, 
108.14, 104.85, 29.71, 22.81 and 13.81. Hexahydropyrrolizine 218 was too volatile 
to be isolated; it was identified by comparing the 'H and ' 3C NMR spectra of the 
reaction mixture with those of the other two isolated products; 8H 3.56 (11-1, quintet, J 
6.8), 3.03-3.14 (21-1, m), 1.13-2.05 (101-1, m); & 64.19, 54.81, 32.23 and 25.75 (in 
agreement with literature data 171 ). 
Reduction of hexahydropyrrolizin-3-one 1 
To an ice-cooled solution of hexahydropyrrolizin-3-one 1 (121 mg, 1.0 mmol) in dry 
ether (5 cm3) was added lithium aluminium hydride (1 M in tetrahydrofuran, 3 cm 3) 
and the mixture was stirred at reflux for 1 h. Wet ether (10 cm 3), water (5 cm3) and a 
saturated aqueous solution of potassium sodium tartrate (5 cm3) were added. After 
filtration through Celite, the solution was extracted with ether (2 x 20 cm 3), dried 
(MgSO4) and concentrated. Picric acid (1.0 g) dissolved in acetonç (1 cm. 3) was 
added to the concentrate in ether (1 cm 3). Crystallisation of the salt was completed 
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by addition of ether (10 cm 3). The solid was filtered off and washed thoroughly with 
ether to give hexahydropyrrolizine 218 as its picrate (167 mg, 51%), mp 244-261 °C 
(slow decomposition) (from ethanol)(h 172t., 254 C); 8H  (picrate) 11.39 (111, br s), 
8.85 (2H, s), 4.38 (1H, br q, 3J7.0), 3.81 (214, br sextet, 3J6.0), 2.98 (2H, s), 2.42-
2.03 (611, m) and 1.77 (21-1, s); ö (picrate) 162.21 (q), 141.48 (q), 127.85 (q), 126.45, 
68.03, 55.51, 30.95 and 25.02. 
E2. PREPARATION OF 1,2-DIHYDROPYRROLIZIN-3-ONES WITH 
THE OXYGEN FUNCTIONALITY AT THE 1-POSITION 
(a) 	Hydrochiorination 
General method 
Dry hydrogen chloride gas generated by the action of concentrated sulphuric acid on 
solid ammonium chloride was bubbled through a stirred solution of the pyrrolizin-3-
one (5 mmol) in dichloromethane (50 cm 3) at room temperature, until the solution 
turned black (typically for 1 h). Potassium carbonate (5 g) was then added and the 
reaction mixture was stirred for 1 h. Solids were removed by filtration through 
Celite and the solution was concentrated with minimum heating to give the 1 -chioro-
1 ,2-dihydropyrrolizin-3-one which could be either isolated or reacted immediately. 
The following compounds were characterised: 
1-Chloro-1,2-dilzydro- 7-methylpyrrolizin-3-one (from 7-methylpyrrolizin-3-one 
174) orange oil, (Found M, 169.0307. C 8H8NOC1 requires M, 169.0294); oH 7.00 
(1H, d, 3J3.1), 6.33 (1H, d, 3J3.1), 5.39 (1H, dd, 3J7.3 and 1. 8), 3.63 (1H, dd, 2J 
19.0 and 3J 7.3), 3.21 (1H, dd, 2J 19.0 and 3J 1.8) and 2.11 (3H, s); Oc  167.54 (q), 
134.04 (q), 121.92, 118.82 (q), 112.25, 46.78, 45.72 and 10.18; m/z 171 (42), 169 
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(M, 62%), 135 (47), 134 (87), 133 (72), 106 (78), 105 (61), 104 (75), 79 (66), 78 
(60), 77 (56) and 52 (100). 
1-Chloro-1,2-dihydro- 7-methoxycarbony!pyrrolizin-3-one 	(from 	7- 
methoxycarbonylpyrrolizin-3 -one 176, HC1 bubbled through for 2 days in total) 
yellow liquid, (Found M, 213.0196. C9H8NO3C1 requires M, 213.0193); 5H 7.07 
(1H, d, 3J3.2), 6.86 (1H, d, 3J3.2), 5.57 (1H, dd, 3J7.2 and 1.5), 3.86 (3H, s), 3.69 
(1H, dd, 2J 19.3 and 3J 7.2) and 3.27 (1H, dd, 2J 19.3 and 3J 1.5); & 167.82 (q), 
162.95 (q), 142.91 (q), 119.20, 114.32 (q), 113.09, 51.67, 45.92 and 45.25; m/z 215 
(12), 213 (M, 34%), 179 (24), 178 (100), 177 (26), 147 (23), 146 (92), 119(31), 118 
(40) and 63 (43). 
Other attempts 
Hydrochiorination of pyrrolizin-3-one 197 in acetonitrile: 1-chloro-1,2-
dihydropyrrolizin-3-one was formed but with a large amount of polymeric material. 
Hydrochiorination of pyrrolizin-3-one 197 in dichioromethane in 
presence of a catalytic amount of sulphuric acid: 1 -chloro- 1 ,2-dihydropyrrolizin-3-
one was formed as the major product. 
Hydrochlorination of 7-methoxycarbonylpyrrolizin-3 -one 176 in 
dichioromethane in presence of a catalytic amount of sulphuric acid: these conditions 
gave mainly recovered starting material. No chloro compound was formed. 
Hydrobromination of pyrrolizin-3-one 197 with a solution of 
hydrobromic acid in acetic acid: black polymeric material was obtained. Some 1-
acetoxy-1,2-dihydropyrrolizin-3-one was identified from the 'H NMR spectrum. 
(b) 	Nucleophilic displacement 
General method 
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The crude 1-chloro-1,2-dihydropyrrolizin-3-one (1 mmol) was treated directly with 
the nucleophile source indicated. [When the nucleophile was water, the 1 -chloro- 1,2-
dihydropyrrolizin-3-one was dissolved in acetone (2 cm 3)]. The mixture was set aside 
or stirred at room temperature for the time stated. Water (15 cm 3) was added and the 
solution was extracted thoroughly with dichloromethane (3 x 20 cm 3). The 
combined extracts were washed with water (Ca. 20 cm3) and dried (MgSO 4). In the 
work-up of the reaction with glacial acetic acid/ sodium acetate, additional washes 
with saturated aqueous sodium bicarbonate (2 x 25 cm 3) and water (1 x 25 cm 3). 
Removal of the solvent under vacuum gave the products which were subsequently 
purified. The precursor before hydrochiorination, the nucleophilic source and 
reaction time are quoted. 
1 ,2-Dihydro-1-hydroxypyrrolizin-3-one 	220 	and 	1-acetoxy-1,2- 
dihydropyrrolizin-3-one 221 were synthesised from pyrrolizin-3-one 197 
respectively in 94% and 77% yield, as previously reported. 69 
1,2-Dihydro-1-hydroxy- 7-methylpyrrolizin-3-one 222 [from 7-methylpyrrolizin-3 - 
one 174 (284 mg, 2.1 mmol), water (15 cm3) and acetone (4 cm3), 35 mm] Dry flash 
chromatography gave unreacted 7-methylpyrrolizin-3-one (66 mg, 23%), 1,2-
dihydro-1-ethoxy-7-methylpyrrolizin-3-one 225 formed fortuitously as a yellow 
liquid, (20 mg, 5%), bp 40-45 °C ( 0.2 Toff) (Found M, 179.0946. C 10H 13NO2 
requires M, 179.0946); oH 6.97 (1H, d, 3J3.0), 6.30 (1H, dd, 3J3.0 and 'J0.3), 4.93 
(1H, ddd, 3J6.7 and 1.8, J0.7), 3.45-3.63 (2H, two dq at 3.51 and 3.57, 2J8.8 and 3J 
7.0), 3.26 (1H, dd, 2J 18.4 and 3J6.7), 2.91 (1H, dd, 2J 18.4 and 3J 1.8), 2.10 (3H, s) 
and 1.22 (3H, t, 3J7.0); 8C 169.20 (q), 135.11 (q), 121.27, 117.85 (q), 111.61, 68.47, 
64.10, 43.11, 15.18 and 10.31; m/z 179 (M, 87%), 150 (43), 136 (37), 135 (62), 134 
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(100), 133 (65), 122 (47), 109 (46), 108 (74), 107 (62), 106 (78), 105 (61), 104 (70), 
94 (51), 93 (71), 84 (42), 80 (59), 79 (68), 78 (61) and 77 (58) and 1,2-dihydro-]-
hydroxy-7-methylpyrrolizin-3 -one 222 (199 mg, 62%) as an orange oil, bp 165-170 
°C (0.3 Ton) (Found M, 151.0634. C 8H9NO2 requires M, 151.0633); 8H 6.95 (1H, d, 
.J3.1), 6.31 (1H,dd, 3J3.1 and flJØ4),  5.26 (1H, brd, 3J6.9), 3.37 (1H, dd, 2J18.7 
and 3J6.9), 2.87 (1H, dd, 2J 18.7 and 3J2.0), 2.36 (1H, br, OH) and 2.11 (3H, s); & 
169.18 (q), 136.76 (q), 121.50, 117.40 (q), 111.47, 61.81, 46.01 and 10.31; m/z 151 
(M, 58%), 134 (56), 133 (48), 110 (22), 109 (48), 108 (67), 107 (20), 106 (35), 105 
(35), 104 (58), 80 (53), 79 (39), 78 (31), 77 (23) and 41 (100 %). 
1-Acetoxy-,1,2-dihydro- 7-methylpyrrolizin-3-one 223 [from 7-methylpyrrolizin-3 - 
one 174 (257 mg, 1.9 mmol), sodium acetate (0.22 g, 2.7 mmol) in glacial acetic acid 
(20 CM),  1 h] Dry flash chromatography gave unreacted 7-methylpyrrolizin-3-one 
(28 mg, 11%) and 1-acetoxy-1, 2-dihydro- 7-methylpyrrolizin-3-one 223 (182 mg, 
49%) as a colourless oil, bp 100-105 (0.3 Ton) (Found M, 193.0741. C 10H 11NO3 
requires M, 193.0739); oH 7.02 (1H, d, 3J3.1), 6.33 (1H, d, 3J 3.1), 6.12 (1H, br d, 3J 
7.3), 3.46 (1H, dd, 2J 19.0 and 3J7.3), 2.90 (111, dd, 2J 19.0 and 3J 1. 8), 2.08 (3H, s) 
and 2.06 (3H, s); & 170.45 (q), 168.13 (q), 132.78 (q), 121.66, 118.81 (q), 112.35, 
63.17, 43.15, 20.75 and 10.27; in/z 193 (Mt, 35%), 135 (56), 134 (100), 133 (77) 
109 (56), 108 (53), 106 (82), 105 (78), 104 (59), 80 (45), 79 (62), 78 (52) and 77 
(53). 
7-Acetoxymethyl-1,2-dihydro-1-hydroxypyrrolizin-3-one 	224 	[from 	7- 
acetoxymethylpyrrolizin-3 -one 164 (231 mg, 1.2 mmol), water (10 cm 3) and acetone 
(2.5 cm), 30 mini The product was obtained as a colourless oil slowly crystallising 
on standing (233 mg, 92%), mp 59.5-60 °C (from hexane) (Found: C, 57.55; H, 5.25; 
N, 6.6. C 10H 11N04 requires C, 57.4; H, 5.25; N, 6.7%); 0H  6.95 (1H, d, 3J3.2), 6.42 
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(1H, d, 3J3.2), 5.30 (11-I, dd, 3J6.9 and 1.9), 5.13 (1H, d, 2J 12.5), 4.82 (1H, d, 2J 
12.5), 4.15 (1H, br s, OH), 3.29 (1H, dd, 2J 18.7 and 3J 6.9), 2.87 (1H, dd, 2J 18.7 
and 3J 1.9) and 2.02 (3H, s); & 171.91 (q), 169.54 (q), 140.31 (q), 119.37, 115.48 
(q), 111.88, 60.98, 58.02, 44.62 and 20.89; m/z 209 (M, 17%), 191 (10), 150 (33), 
149 (100), 121 (20), 108 (37), 104 (22), 93 (22), 79 (28), 53 (22) and 52 (22). 
1-Aceloxy-1,2-dilzydro- 7-methoxycarbonylpyrrolizin-3-one 	226 	[from 	7- 
methoxycarbonylpyrrolizin-3 -one 176 (207 mg, 1.2 mmol), sodium acetate (300 mg, 
3.7 mmol) in glacial acetic acid (12 cm 3), 30 h at room temperature + 4.5 h at 60 °C] 
Dry 	flash 	chromatography 	afforded 	4 	products; 	unreacted 	7- 
methoxycarbonylpyrrolizin-3 -one (46 mg, 22%), 1-acetoxy-1, 2-dihydro- 7-
methoxycarbonylpyrrolizin-3 -one 226 (53 mg, 19%) as a yellow solid, mp 93-94 °C 
(from sublimation) (Found M, 237.0641. C 11 H 11N05 requires M, 237.0637); 6H  7.09 
(1H, d, 3J3.3), 6.87 (1H, d, 3J3.3), 6.42 (1H, dd, 3J7.1 and 1. 9), 3.80 (3H, s), 3.53 
(1H, dd, 2J 19.2 and 3J 7.1), 2.92 (1H, dd, 2J 19.2 and 3J 1.9) and 2.10 (311, s); 
169.80 (q), 168.36 (q), 163.01 (q), 141.25 (q), 119.01, 114.57 (q), 113.04, 62.54, 
51.51, 42.29 and 20.55; m/z 237 (M, 11%), 195 (20), 194 (71), 178 (21), 177 (23), 
164 (14), 163 (19), 162 (100), 146 (36), 134 (13), 118 (11), 103 (11) and 103 (11); 
1, 2-dihydro-] -hydroxy- 7-methoxycarbonylpyrrolizin-3-one 227 (14 mg, 6%) only 
partially separated from its 1-acetoxy analogue; identification was made from its 'H 
NMR spectrum: 6H  6.99 (1H, d, 3J3.3), 6.74 (1H, d, 3J3.3), 5.46(111, dd, 3J7.3 and 
3.3), 3.88 (311, s), 3.40 (1H, dd, 2J 18.8 and 3J7.3) and 3.03 (1H, dd, 2J 18.8 and 3J 
3.3). The 4th compound (29 mg); unidentified, has the following data: 6H  7.65-7.74 
(m), 7.47-7.56 (m), 4.14-4.28 (m) and 0.87-1.70 (m); & 167.66(q) 132.32(q) 130.78, 
128.68, 68.03, 38.59, 30.23, 29.59, 28.80, 23.61, 22.87, 13.95 and 10.85; m/z 149. 
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E3. HYDROGENATION OF 1- AND 7-MONOSUBSTITUTED 
PYRROLIZIN-3-ONES 
(a) 	Model study: hydrogenation of 1- and 7-methylpyrrolizin-3-ones 
Hydrogenation of 1-methylpyrrolizin-3-one 165 
The diasteroselectivity of the hydrogenation was studied on a small scale, 
varying the catalysts and solvents (see Table 16 and discussion, Section B3a). 
A solution of 1 -methylpyrrolizin-3 -one 165 (161 mg, 1.2 mmol) in 
ethanol (20 cm 3) was hydrogenated over 5% Rh-A1203 (11 mg) for 4 h at 45 PSI. 
The usual work-up gave cis- and trans-hexahydro-l-methylpyrrolizin-3 -one (151 mg, 
90%) in a ratio 9.5 : 1; cis-hexahydro-1-methylpyrrolizin-3-one 228; 8H  3.91 (1H, td, 
.J9.6 and 6.4), 3.45 (1H, td, 3J 11.6 and 7.8), 3.02 (1H, m), 2.84 (1H, ddt, 2J 16.3, 31 
8.0 and flj  1.1), 2.49 (11-1, m), 1.83-2.12 (2H, m; 1H at 1.98 ppm, dd, 2J 16.3 and V 
2.7), 1.42-1.73 (2H, m) and 0.91 (3H, d, 3J 7.2, Me); & 174.12 (q), 64.90, 42.95, 
40.94, 29.44, 26.76, 24.86 and 15.74; m/z 139 (Mt, 66%), 138 (14), 124 (6), 111 
(60), 97 (24), 83 (9), 70 (100), 69 (56), 68 (31), 56 (14), 55 (15), 42 (33), 41 (56) and 
39 (26) (in agreement with literature data 2'); trans-hexahydro-1-methylpyrrolizin-3-
one 229; oH 1.09 (311, d, 3J6.5). 
Hydrogenation on a small scale over 5% Pd-C in dimethyl formamide 
afforded 1,2-dihydro-1-methylpyrrolizin-3-one 230, bp 50-55 °C (0.3 Ton) (Found 
M, 135.0690. C8H9NO requires M, 135.0684); 6H  6.96 (1H, d, 3J3.0), 6.42 (111, t, 
3.0), 5.94 (1H, d, 3J 3.0), 3.35 (1H, m), 3.22 (11-I, dd, 2J 18.1 and 3J 8.0), 2.57 (1H, 
dd, 2J 18.1 and 3J 3.5) and 1.34 (311, d, 3J 6.8, Me); 8C 171.36 (q), 145.28 (q), 
118.76, 110.44, 103.47, 43.31, 27.19 and 20.70; m/z 135 (M, 100%), 120 (11), 107 
(30), 106 (67), 94 (61), 80 (18), 66 (14), 53 (22) and 39 (18). 
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Hydrogenation of 7-methylpyrrolizin-3-one 174 
The diasteroselectivity of the hydrogenation was studied on a small scale, 
varying the catalysts and solvents (see Table 17 and discussion, Section 133a). 
A solution of 7-methylpyrrolizin-3-one 174 (136 mg, 1.0 mmol) in 
hexane (40 cm3) was hydrogenated over 5% Rh-C (18 mg) for 48 h at atmospheric 
pressure. The usual work-up gave cis-hexahydro-7-methylpyrrolizin-3-one 233 (133 
mg, 94%); oH  3.97 (1H, dt, 3J5.3 and 7.4), 3.48 (1H, dt, 3J 11.4 and 7.6), 3.02 (1H, 
m), 2.68 (1H, dt, 2J 16.6 and 3J9.7), 2.40 (1H, ddd, 2J 16.6, 3J9.6 and 2.9), 1.66-2.24 
(5H, m) and 0.81 (3H, d, 3J 7.3, Me) (in agreement with the literature data 35); & 
174.67 (q), 64.25, 39.00, 34.64, 34.38, 32.63, 20.52 and 13.11; m/z 139 (M, 67%), 
138 (29), 137 (36), 97 (100), 84 (54), 69 (55), 55 (42), 41 (48) and 39 (30). Trans-
hexahydro-7-methylpyrrolizin-3-one 234 was present as a trace (<3%); 0H  1.02 (3H, 
d, 3J6.1, Me). 
Hydrogenation (on a small scale) over Raney nickel in ethanol for 2 h at 
45 PSI gave 1,2-dihydro-7-methylpyrrolizin-3-one 235 as white crystals, mp 78-80 
°C (from hexane) (Found: C, 71.1; H, 7.0; N, 10.4. C 8H9NO requires C, 71.1; H, 
6.65; N, 10.35%); 0H  6.95 (1H, d, 3J 3.1), 6.27 (111, d, 3J 3.1), 2.95-3.01 (2H, m), 
2.86-2.91 (2H, rn) and 1.99 (3H, s); & 171.79 (q), 135.29 (q), 121.08, 113.99 (q), 
110.48, 34.71, 18.09 and 10.22; m/z 135 (M, 100%), 134 (63), 120 (46), 107 (74), 
106 (97), 94 (87), 83 (57), 81(56), 80 (61), 79 (58), 66 (55), 53 (77), 52 (72), 51 (62) 
and 39 (62). 
(b) 	Hydrogenation of 1- and 7-methoxycarbonylpyrrolizin-3-ones 
Hydrogenation of 1-methoxycarbonylpyrrolizin-3-one 202 
(i) A solution of 1 -methoxycarbonylpyrrolizin-3 -one 202 [from FVP of 
dimethylpyrroly-2-ylbut-2-enedioate (131 mg, 0.6 mmol), 700 °C, 90-100 °C, 0.004 
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Ton, 30 mm] in methanol (60 cm3) was hydrogenated over 5% Pd-C (80 mg) for 3 h 
at atmospheric pressure at Ca. -20 °C. After filtration through Celite the solvent was 
removed under vacuum and the residues were purified by flash chromatography 
(using hexane/ethyl acetate as eluents) to give 1,2-dihydro-1-
methoxycarbonylpyrrolizin-3-one 236 (37 mg, 33%), bp 115-120 °C (0.5 Ton) 
(Found M, 179.0585. C9H9NO3 requires M, 179.0582); 8H  7.04 (1H, d, 3J3.0), 6.45 
(1H, t, 3J3.0), 6.16 (1H, d, 3J3.0), 4.19 (1H, dd, 3J8.3 and 3.6), 3.77 (3H, s), 3.47 
(1H, dd, 2J 18.7 and 3J 3.6) and 3.18 (1H, dd, 2J 18.7 and 3J 8.3); 8C 170.40 (q), 
169.55 (q), 135.80 (q), 119.03, 111.90, 106.38, 52.85, 37.75 and 37.68; !n/z 179 (Mt , 
67%), 151 (13), 125 (54), 121 (64), 120 (100), 94 (74), 93 (79), 92 (9 1) and 91(51) 
followed by I -methoxycarbonyl-2,5,6,7-tetrahydropyrrolizin-3-one 237 (25 mg, 
22%) as a light yellow solid mp 78-79 °C (from hexane/ethyl acetate)(lit., 2 ' 80-81 
°C); 8H  (360 MHz) 3.69 (311, s), 3.54 (2H, t, 3J7.1, 115), 3.49 (2H, t, 5J3.0, 1­12), 2.89 
(2H, tt, 3J 7.7 and 5J 3.0, H7) and 2.37 (211, U , 3J 7.7 and 7.1, H6); 8C  172.76 (q), 
163.98 (q), 161.57 (q), 98.50 (q), 50.90, 41.41, 41.05, 26.46 and 25.43; m/z 181 (M, 
81%), 150 (39), 123 (17), 122 (100), 95 (22), 94 (65), 67 (25), 42 (22), 41 (29) and 
39(30). 
(ii) A solution of 1 -methoxycarbonylpyrrolizin-3-one 202 [from FVP of 
dimethylpynoly-2-ylbut-2-enedioate (174 mg, 0.8 mmol), 700 °C, 90 °C, 0.004 Ton, 
40 min] in methanol (80 cm3) was hydrogenated over 5% Pd-C (80 mg) for 2 h at 
atmospheric pressure at Ca. -20 °C, at which point the solution was colourless. The 
hydrogen pressure was increased to 50 PSI and the reaction mixture was 
hydrogenated for a total time of 27 h at room temperature. After filtration through 
Celite the solvent was removed to yield cis- and trans-hexahydro- 1-
methoxycarbonylpyrrolizin-3-one (81 mg, 53%) in a ratio 10: 1 (by ' 3C NMR); cis-
hexahydro-1-methoxycarbonylpyrrolizin-3-one 239; 8H  4.09 (1H, ddd, 
flj  10.1, 8.4 
and 5.6), 3.70 (3H, s), 3.59 (111, dt, 'j  11.5 and 8.0), 3.40 (1H, td, 'J 8.0 and 6.1), 
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3.04 (114, ddd, flj  11.8, 9.0 and 3.6), 2.80 (214, m), 1.79-2.10 (3H, m) and 1.26 (1H, 
m); & 173.95 (q), 172.15 (q), 62.58, 51.84, 41.57, 39.75, 35.98, 27.37 and 25.91 (in 
agreement with literature data  23); trans-hexahydro- 1 -methoxycarbonylpyrrolizin-3 - 
one 240; 8C (one quaternary missing) 172.34, 63.64, 52.18, 45.66, 41.06, 38.35, 
31.48 and 26.57 (in agreement with literature data  23) 
Hydrogenation (on a small scale) over 5% Rh-A1203 at 55 PSI for 5 h, in 
either ethyl acetate or a mixture of ethyl acetate and acetic acid (in a ratio 15 : 1), 
gave a mixture of 1 ,2-dihydro-, 2,5,6,7-tetrahydro- and the cis- and trans-hexahydro-
1 -methoxycarbonylpyrrolizin-3-one, identified by NMR. From the ' 3C NMR spectra 
the amount of the trans-hexahydro compound relative to its cis-isomer is barely 
detectable (:!~ 5%). 
Control experiments: 
No deuterium incorporation in the tetrahydo product 237 was observed from the 
hydrogenation (over 5% Pd-C at Ca. -20 °C) of 1 ,2-dihydro- 1-
methoxycarbonylpyrrolizin-3 -one 236 in [2H]methanol. 
1 ,2-Dihydro- and 2,5 ,6,7-tetrahydro- 1 -methoxycarbonylpyrrolizin-3 -one were both 
set aside in [2H4}methanol, for 30 and 44 days respectively. 2H NMR spectra were 
then recorded in chloroform; no deuterium resonance was observed. 
Hydrogenation of 7-methoxycarbonylpyrrolizin-3-one 176 
(i) A solution of 7-methoxycarbonylpyrrolizin-3-one 176 (69 mg, 0.4 mmol) 
in glacial acetic acid (13 cm.  3) was hydrogenated over 5% Rh-A1203 (39 mg) at 55 
PSI for 7 h. After filtration through Celite, acetic acid was neutralised with a 
saturated solution of disodium carbonate (60 cm 3), extracted with dichloromethane (2 
x 50 cm3) and washed with water (50 cm 3). Drying (MgSO4) and removal of the 
organic solvent afforded cis-hexahydro-7-methoxycarbonylpyrrolizin-3-one 243 (70 
mg, 98%); 8H  4.13 (1H, apparent q, 3J7.2), 3.77 (1H, dt, 3J 11.3 and 7.9), 3.65 (3H, 
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s), 2.93-3.09 (2H, m), 2.61 (1H, m), 2.07-2.41 (41-1, m) and 1.68 (11-1, m); 6 c 175.29 
(q), 172.77 (q), 62.96, 51.69, 45.14, 40.94, 33.74, 30.04 and 22.20 (in agreement 
with literature data31C); m/z 183 (Mt, 36%), 168 (7), 155 (36), 152 (23), 97 (100), 69 
(53), 58 (39), 55 (25), 43 (91) and 41(33). 
Small scales hydrogenations at 45 PSI for 3 to 4 h under a range of 
different catalysts and solvents gave 1, 2-dihydro- 7-methoxycarbonylpyrrolizin-3-one 
241 as colourless crystals, mp 85-86 °C (from hexane) (Found: C, 60.15; H, 4.95; N, 
7.65. C9H9NO3 requires C, 60.35; H, 5.05; N, 7.8%); Vm (nujol) 1760 and 1706; 8H 
6.98 (1H, d, 3J3.3), 6.76 (1H, d, 3J3.3), 3.80 (314, s), 3.20-3.26 (21-1, m) and 3.00-
3.06 (211, m); & 171.86 (q), 164.17 (q), 146.35 (q), 118.08, 111.83 (q), 111.63, 
51.21, 33.70 and 20.62; m/z 180 (8), 179 (M, 93%), 164 (10), 151 (36), 148 (33), 
120 (100), 119 (26), 92 (28) and 65 (28). The combinations of catalyst, solvent and 
reaction time were the following: 5% Rh-C, ethyl acetate; 5% Rh-C, toluene; 5% Rh-
A1203 , toluene; 5% Rh-A1203 , hexane; 5% Rh-C, hexane. 
From the ' 3 C NMR spectrum obtained from hydrogenation in ethanol 
over 5% Rh-A1203 (for 17 h at 45 PSI), a product was tentatively identified as 7-
methoxycarbonyl-1,2,5,6-tetrahydropyrrolizin-3 -one 242; 3c  172.00 (q), 165.60 (q), 
160.05 (q), 102.62 (q), 50.94, 40.73, 33.56, 31.75 and 20.75 [by comparison with the 
data of the ethyl ester analogue found in the literature; 62a  6c 17 1. 10 (q), 164.35 (q), 
159.47 (q), 101.33 (q), 58.67, 40.02, 32.81, 31.12, 20.26 and 13.631. 
Hydrogenation (on a small scale) over Pt0 2 in ethanol for 3 h at 45 PSI 
gave ethyl (3-methoxycarbonyl)pyrrol-2-ylpropanoate 246, bp 110-115 °C (0.6 Ton) 
(Found M, 225.1001. C 11 H 15N04 requires M, 225.1001); 8H 9.14 (1H, br s), 6.55 
(1H, t, 3J2.9), 6.50 (1H, t, 3J2.9), 4.10 (2H, q, 3J7.1), 3.77 (31-1, s), 3.24 (2H, t, 
6.6), 2.66 (2H, t, 3J6.6,) and 1.21 (31-1, t, 3J7.1); 8C 174.41 (q), 165.71 (q), 137.90 
(q), 116.2 1, 111.00 (q), 109.92, 60.66, 50.64, 33.46, 21.23 and 13.97; m/z 225 (M, 
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23%), 193 (21), 180 (30), 165 (52), 151 (85), 150 (20), 138 (71), 124 (20), 120 (100), 
108 (20), 106 (51), 94 (23), 93 (23) and 65 (20). 
(c) 	Other hydrogenations 
Hydrogenation of 7-acetoxymethylpyrrolizin-3-one 164 
7-Acetoxymethylpyrrolizin-3-one 164 (70 mg, 0.4 mmol) was 
hydrogenated over 5% Rh-C (18 mg) in ethanol for 2.5 h at 45 PSI. The usual work-
up gave a quantitative mixture of cis-hexahydro-7-methylpyrrolizin-3-one 233 (16%) 
and cis-7-acetoxymethylhexahydropyrrolizin-3-one 248 (84%); 8H  3.95-4.12 (3H, 
m), 3.58 (lH, dt, J 11.7 and 7.6), 3.01 (1H, m), 2.66 (1H, m), 2.32-2.46 (2H, m), 2.04 
(3H, s) and 1.77-2.27 (4H, m); 8 C 174.59 (q), 170.74 (q), 63.25, 62.65, 40.09, 37.63, 
34.43, 30.27, 21.31 and 20.76 (in agreement with literature data 39); m/z (sample 
contaminated with hexahydro-7-methylpyrrolizin-3-one) 197 (M t, 1%), 139 (61), 
138 (17), 97 (100), 84 (25), 69 (84), 68 (31), 55 (48) and 41(52). 
Hydrogenations (on a small scale) in ethyl acetate at 45 PSI for 2-3 h 
over either 5% Pd-C, 5% Pd-CaCO3, or 5% Rh-C, gave 7-acetoxymethyl-1,2-
dihydropyrrolizin-3 -one 247 as a brown oil, bp 140-145 °C (0.9 Torr) (Found M, 
193.0744. C 10H 11NO 3 requires M, 193.0739); 8H  6.96 (1H, d, 3J3.1), 6.39 (1H, d, 3J 
3.1), 4.87 (2H, s), 2.97 (4H, br s) and 1.99 (3H, s); & (two quaternaries missing) 
171.73 (q), 170.84 (q), 119.37, 111.30, 58.17, 34.21, 20.84 and 18.47; m/z 193 (Mt , 
32%), 179 (25), 173 (41), 151 (16), 145 (40), 138 (62), 134 (55), 133 (86), 120 (35), 
106 (52), 105 (39), 97 (100), 79 (35), 69 (45), 55 (53) and 43 (63). 
Cis- and trans-hexahydro-7-methylpyrrolizin-3-ones 233 and 234 were 
produced from small scale hydrogenations at 45 PSI for 3 h under the following 
conditions; 5% Pd-C, ethanol; Pt0 2, ethyl acetate; 5% Rh-A1203 , acetic acid; 5% Rh-
A1203 , ethanol (see Table 18 and discussion, Section 133c). 
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(iv) No reaction occurred when 7-acetoxymethylhexahydropyrrolizin-3-one 
248 was hydrogenated over 5% Rh-C in ethanol for 4.5 h at 45 PSI. 
Hydrogenation of 1-acetoxy-1 ,2-dihydropyrrolizin-3-one 221 
The diasteroselectivity of the hydrogenation was studied on a small scale, 
varying the catalysts and solvents (see Table 19 and discussion, Section 133c). 
A solution of l-acetoxy-1,2-dihydropyrrolizin-3-one 221 (505 mg, 2.8 
mmol) in ethanol (50 cm3) was hydrogenated over 5% Pd-C (59 mg) for 3 h at 45 
PSI. 	The 	usual 	work-up gave a mixture of 	cis- 	and trans-i- 
aceroxyhexahydropyrrolizin-3 -one (504 mg, 97%) in a 	ratio 	20 	: 1; 	cis-1- 
acetoxyhexahydropyrrolizin-3-one 249 as a colourless liquid, bp 95-100 °C (0.3 
Ton) (Found M, 183.0901. C 91­1 13NO3 requires M, 183.0895); oH 5.29 (1H, t, 3J5.0, 
11 1 ), 4.07 (1H, ddd, 3J 8.7, 6.8 and 4.8, 117A), 3.53 (1H, dt, 3J 11.2 and 7.7, H5), 2.93- 
3.06 (1H, m, 1­15), 2.97 (111, ddt, 2J 17.2, 3J5.6 and 'J 1.2, J2),  2.40 (1H, d, 2J 17.2, 
H2), 1.95-2.08 (2H, m), 2.01 (3H, s) and 1.55-1.80 (2H, m); & 171.75 (q), 169.93 
(q), 6939 (C 1 ), 64.86(C 7A), 41.93 (C2), 41.06 (C 5), 26.71, 24.07 and 20.54 (CH 3); 
m/z 183 (Mt, 4%), 140 (5), 125 (14), 123 (37), 112(11), 97(21), 95(15), 86(23), 84 
(39) and 70 (100). The minor trans-isomer 250 has the following characteristic 'H 
NMR data: 0H  4.95(1H, td, 8.2 and 4.9, H 1 ). 
Hydrogenation of 1 ,2-dihydro-1-hydroxypyrrolizin-3-one 220 
The diasteroselectivity of the hydrogenation was studied on a small scale, 
varying the catalysts and solvents (see Table 20 and discussion, Section 133c). 
A solution of 1,2-dihydro-l-hydroxypyrrolizin-3-one 220 (882 mg, 6.4 
mmol) in ethanol (55 cm3) was hydrogenated over 5% Rh-A1203 (76 mg) for 6 h at 
45 PSI. The usual work-up gave a mixture of cis- and trans-hexahydro-l-
hydroxypyrrolizin-3-one, which were partially separated by dry flash 
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chromatography (using ethyl acetate as eluent). A first fraction gave a mixture of the 
two isomers (171 mg, 19%). The second fraction afforded cis-hexahydro-l-
hydroxypyrrolizin-3-one 252 (671 mg, 74%) as a light yellow solid, mp 97-99 °C 
(from ethyl acetate); 6H4.3 3 (1H, t, 3J4.5, H 1 ), 3.92 (1H, m), 3.48 (1H, dt, 3J 11.7 
and 7.1), 2.97 (1H, m), 2.88 (1H, ddt, 2J 16.7, 3J 4•9 , J 1.2, 1­12), 2.34 (1H, d, 2J 
16.7, H2), 1.94-2.12 (3H, m) and 1.71 (1H, m); 8 C 173.39 (q), 67.77, 67.02, 45.46, 
41.33, 27.04 and 22.79 (in agreement with the literature data 29a);  m/z 141 (Mt, 82%), 
113 (36), 112 (85), 70 (100), 69 (27) and 41 (28). Trans-hexahydro-1-
hydroxypyrrolizin-3-one 253 has the following NMR data: 8H  (200 MHz) 2.71 (1H, 
apparent d, 8.3, 2 x 142); Ei (one quaternary missing) 72.91, 69.13, 44.18, 41.37, 
29.59 and 26.44 (in agreement with literature data 29a). 
Hydrogenation of 7-methoxypyrrolizin-3-one 175 
Hydrogenation (on a small scale) of 7-methoxypyrrolizin-3-one 175 over 
5% Rh-C in hexane/ethyl acetate for 2.5 h at 45 PSI gave 1,2-dihydro-7-
methoxypyrrolizin-3-one 254, bp 50-55 °C (0.4 Ton) (Found M, 151.0632. 
C8H9NO2 requires M, 151.0633); 8H  6.88 (1H, d, 3J3.4), 6.22 (1H, d, 3J3.4), 3.81 
(3H, s), 3.06-3.14 (2H, m) and 2.93-3.00 (2H, m); 8 C 171.29, 142.19, 118.35, 110.95, 
109.09, 58.39, 34.26 and 30.76; m/z 151 (M, 59%), 136 (3), 120 (100), 92 (42), 80 
(45), 79 (33), 65(25), 52 (14), 39 (28) and 28 (20). 
Hydrogenation (on a small scale) of 7-methoxypyrrolizin-3-one 175 over 
5% Pd-C in ethanol for 3 h at 45 PSI gave a mixture of cis- and trans-hexahydro-7-
methoxypyrrolizin-3-one in a 6 : 1 ratiio; cis-isomer 255, bp 95-100 °C (0.8 Ton) 
(Found M, 155.0942. C8H 13NO2 requires M, 155.0946); 6H  3.87 (1H, m, H7A), 3.48-
3.60 (2H, m, H 7 + H5), 3.28 (3H, s, OMe), 3.06 (1H, br t, 
flj  10.1, H5), 2.62 (11-1, m), 
2.12-2.48 (211, m) and 1.89-2.05 (3H, m); öc (one quaternary missing) 68.93, 66.40, 
252 
56.27, 39.18, 35.75, 34.29 and 17.80; m/z 155 (M, 37%), 97 (100), 86 (28), 84 (60), 
69 (67), 55 (34) and 41(50). Trans-isomer 256; 8H 3.34(3H, s, OMe). 
(d) 	Pyrrohzidin-3-one 	reduction: 	synthesis 	of heliotridane 	and 
isoretronecanol 
General method 
The hexahydropyrrolizin-3-one (1 mmol) was reduced with an excess of lithium 
aluminium hydride (LAH) in refluxing tetrahydrofuran (10 cm 3) overnight (unless 
otherwise stated), under anhydrous conditions. The system was then cooled in ice. 
Two different work-up were used: 
- method A; wet ether (10 cm3), water (5 cm3) and a saturated aqueous solution of 
potassium sodium tartrate (5 cm3) were added. After filtration through Celite the 
solution was extracted with ether (2 x 20 cm 3), the organic phase was dried (MgSO 4) 
and concentrated to yield the products. 
- method B; the solution was concentrated and ether (10 cm 3) was added followed by 
a small amount of water (typically 0.2 cm  per mmol of LAH). The resulting 
mixture was stirred for 5 h, then filtered. The filtrate was concentrated and purified 
by bulb-to-bulb distillation. 
The quantities of starting materials and the work-up method used are indicated. 
Heliotridane 231 
(i) [from a 9.5 : 1 mixture of cis- to trans-hexahydro-1-methylpyrrolizin-3-
ones 228 and 229 (105 mg, 0.8 mmol) and LAH (1 M in tetrahydrofuran, 3 cm 3), 
method A] Treatment of the products with picric acid followed by recrystallisation 
from ethanol gave heliotridane as its picrate (188 mg, 70%), mp 240-244 °C (dec.) 
(from ethanol) (lit.,47d  240-243 °C); 6H  (picrate) 11.41 (111, br s), 8.94 (2H, s), 4.28 
253 
(1H, m), 4.02 (1H, m), 3.67 (1H, m), 3.12 (IF!, m), 2.90-2.51 (2H, m), 2.27-1.95 
(4H, m), 1.88-1.60 (2H, m) and 1.13 (311, d, 3J6.7, Me); & (picrate) 160.05, 140.42, 
130.29, 126.41, 70.92, 56.90, 54.58, 34.61, 30.44, 25.87, 25.70 and 13.32. 
(ii) [from a 44 : 1 mixture of cis- to trans-hexahydro-7-methylpyrrolizin-3-
ones 233 and 234 (86 mg, 0.6 mmol) and LAH (1 M in tetrahydrofuran, 2.5 cm3), 
method A] Treatment of the products with picric acid gave heliotridane as its picrate 
(173 mg, 79%), mp 242-245 °C (dec) (from ethanol); same NMR data as above. 
Isoretronecanol 232 
[from cis-hexahydro-7-methoxycarbonylpyrrolizin-3 -ones 243 (69 mg, 
0.4 mmol) and LAH (46 mg, 1.2 mmol), method B] Isoretronecanol (46 mg, 83%) 
was obtained as a colourless oil, bp 110-120 °C (0.4 Ton), mp 188-189 °C (picrate) 
(from ethanol) (ljt.,62a  192-194 °C). The free base has the following spectroscopic 
data: 8H  4.54(1H, br, 011), 3.62 (2H, dd, 'J 7.3 and 2.0), 3.43 (1H, td, 
flj  6.9 and 
9.9), 3.06 (1H, ddd, flJ9•3,  6.5 and 3.5), 2.93 (1H, ddd, flj  11. 1, 9.2 and 6.4), 2.56 
(1H, ddd, flj  11. 1, 7.7 and 3.4), 2.32-2.49 (211, m) and 1.22-1.84 (511, m); 6c 66.05, 
62.88, 55.47, 53.87, 44.20, 27.00, 26.31 and 25.76; m/z 141 (M, 26%), 140 (10), 
124 (17), 110 (11), 97 (6), 84 (12), 83 (100), 82 (43), 70 (11), 55 (32), 42 (12) and 41 
(17). 
[from a 10 : 1 mixture of cis- to trans-hexahydro- 1-
methoxycarbonylpyrrolizin-3-ones 239 and 240 (81 mg, 0.5 mmol) and LAH (60 mg, 
1.6 mmol), method B] Cis- and trans-hexahydro-1-hydroxymethylpyrrolizine (38 
mg, 61%) were obtained in the same 10: 1 ratio. One recrystallisation of the picrate 
gave isoretronecanol as a salt, mp 186-188 °C (picrate) (from ethanol) (1t.,62a  192-
194 °C); E, (picrate) ([ 2H6]acetone) 160.99 (q), 141.21 (q), 124.56, 115.14 (q), 69.13, 
59.60, 55.34, 53.55, 42.02, 25.18, 24.93 and 24.47. 
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(iii) [from a 5.2 : 1 mixture of cis-7-acetoxymethylhexahydropyrrolizin-3-
one 248 to cis-hexahydro-7-methylpyrrolizin-3one 233 (70 mg, 0.4 mmol) and LAH 
(64 mg, 1.7 mmol), method B] Isoretronecanol (30 mg, 56%) was obtained from the 
distillation (spectra identical with those above). No trace of heliotridane was 
observed on the 111  NMR spectrum. 
cis-Hexahydro-1-hydroxypyrrolizine 251 
[from a 20: 1 mixture of cis- to trans- 1-acetoxyhexahydropyrrolizin-3-ones 249 and 
250 (49 mg, 0.3 mmol) and LAH (40 mg, 1.0 minol), method B] cis-Hexahydro-1-
hydroxypyrrolizine 251 (30 mg, 87%) was formed as a colourless liquid, bp 80-90 °C 
(15 Ton); mp 241-243 °C (picrate) (from ethanol) (lit., 173 243-245 °C). The free 
base has the following spectroscopic data: 6H  4.20 (1H, dd, 3J7.0 and 4.4), 3.39-3.67 
(3H, m), 2.91-3.10 (211, m), 2.43-2.68 (2H, m) and 0.70-2.04 (5H, m); 6 c 71.38, 
68.78, 55.35, 51.93, 36.78, 27.53 and 24.09. 
Attempted reduction of 2,5,6,7-tetrahydro-1-methoxycarbonylpyrrolizin-3-one 
[from 2,5,6,7-tetrahydro- 1 -methoxycarbonylpyrrolizin-3-one 237 (42 mg, 0.2 mmol) 
and LAH (91 mg, 2.4 mmol), 1 day, method B] No identifiable resonances could be 
observed. 
E4. HYDROGENATION 	OF 	1,7-DISUBSTITUTED 	1,2- 
DIHYDROPYRROLIZIN-3-ONES 
Hydrogenation of 1-acetoxy-1,2-dihydro-7-methylpyrrolizin-3-one 223 
(i) A solution of l-acetoxy-1,2-dihydro-7-methylpyrrolizin-3-one 223 (106 
mg, 0.5 mmol) in ethyl acetate (25 cm3) was hydrogenated at 55 PSI over 5% Rh-C 
(21 mg) for 4 h, at which point only 40% of the starting material had been converted. 
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The mixture was rehydrogenated under the same conditions, but with a higher 
loading in catalyst (50 mg) for a total time of 15 h. The usual work-up gave a 
mixture of the 1-acetoxyhexahydro-7-methylpyrrolizin-3-one isomers 258 and 259 
(104 mg, 96%) in a ratio 6 : 1, which were not separated. (Found-M +, 197.1050. 
C 10H 15NO3 requires M, 197.1051); m/z 197 (M, 5%), 139 (62), 138 (36), 137 (84), 
126 (21), 109 (35), 97 (100), 96 (24), 95 (33), 84 (96), 83 (24), 69 (58), 68 (30), 67 
(27), 56(36), 55 (52), 43 (91) and 41(59). Cis- 7,7A-cis-7A,1-1-acetoxyhexahydro-7-
methylpyrrolizin-3 -one 258; 6H  (360 MHz) 5.40 (1H, ddd, 3J 5.8, 5.0 and 2.5, Hi a), 
4.00 (1H, dd, 3J7.4 and 5.0, H7Aa), 3.82 (1H, ddd, 3J 11.4, 7.6 and 4.6, 1 ­150, 2.96 
(1H, m, 1­15 a), 2.91 (1H, dd, 2J 17.2 and 3J 5.8, 1­12a), 2.38 (1H, dd, 2J 17.2 and 3J2.5, 
1­120, 2.35 (1H, m, 1­17a), 2.05 (3H, s, O(CO)Me), 2.02 (1H, m, 1 ­16a), 1.63 (1H, dq, .1 
12.3 and 7.6, H6b) and 1.04 (3H, d, 3J 7.1, Me); & 174.24 (q), 170.05 (q), 71.76, 
65.89, 42.35, 41.37, 34.71, 34.34, 21.05 and 13.52. The cis-7,7A-trans-7A,1-isomer 
259 was identified by comparison with the data obtained from the Pd-C reduction 
(see below). 
(ii) Small scale experiments were carried out at 55 PSI for 4-6 h. The 
catalysts, solvents and ratios of 258 : 259 are indicated; 5% Rh-C, ethyl acetate, 5 : 1; 
5% Rh-A1203, ethyl acetate, 2.6: 1; 5% Rh-C, ethanol, 3.7: 1; 5% Pd-C, ethanol, 2: 
3. These latter conditions allowed the NMR characterisations, from the reaction 
mixture, of the following isomer: cis- 7,7A -trans- 7A, 1 -1-acetoxy-], 2-hexahydro- 7-
methylpyrrolizin-3 -one 259; 8H  (360 MHz) 5.10 (1H, ddd, 3J 8.7, 6.9 and 4.8, HIb), 
3.82 (1H, t, 3J4.8, H7Aa), 3.50 (1H, dt, 3J 11.7 and 8.5, H5b), 3.07 (1H, m, 1 ­15 a), 2.87 
(1H, dd, 2J 17.3 and 3J8.7, H2b), 2.77 (1H, dddd, 2J 17.3, 3J6.9, "j  1.4 and 1.0, 1 ­12a), 
2.33 (1H, m, 1­17a), 2.15 (1H, m, 1­16a), 2.07 (3H, s, O(CO)Me), 1.73 (1H, m, H6b) and 
0.88 (3H, d, 3J7.1, Me); & 171.88 (ci), 170.50 (q), 70.43, 68.38, 40.99, 39.47, 33.98, 
32.37, 20.75 and 13.68. 
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In some reaction mixtures a third isomer was observed, which has the 
following NMR data: 8. 0.82 (3H, 3J 7.4, Me) (see Table 22 in discussion, Section 
B4); 
Hydrogenation of 1 ,2-dihydro-1 -hydroxy-7-methylpyrrolizin-3-one 222 
Hydrogenation (on a small scale) in ethanol at 45 PSI for 6 h over 5% Rh-
C gave the hexahydro-1-hydroxy-7-methylpyrrolizin-3-one isomers 260 and 261 in a 
ratio 2 : 1. (Found M, 155.0948. C8H 13NO2 requires M, 155.0946); m/z 155 (M, 
69%), 140 (15), 139 (18), 138 (10), 126 (100), 97 (62), 84 (100), 83 (31), 82 (41), 71 
(43), 69 (32), 56 (80), 55 (39) and 41(84). The two isomers were not separated; their 
NMR data were obtained by comparison of the spectra of the above reaction mixture 
and that of the 5% Pd-CaCO3 reduction (see below). Some of the proton signals of 
the two isomers were overlapping; a range of chemical shifts has been given in those 
cases. Cis- 7,7A -cis- 7A, 1 -hexahydro-I -hydroxy- 7-methylpyrrolizin-3-one 260; 8H 
(360 MHz) 4.53 (1H, td, 3J4.0 and fl  1.3, H 1 ), 3.77-3.85 (211, m), 2.65-2.93 (21-1, m), 
2.30-2.43 (11-1, m), 2.23 (111, d, 2J 16.8, H2), 1.91 (1H, m), 1.60-1.69 (11-1, m) and 
1.25 (311, d, 3J7.1, Me); 8c 172.40 (q), 71.74, 67.46, 44.41, 39.88, 34.49, 31.93 and 
13.86; Cis- 7, 7A-trans- 7A, 1-hexahydro-1 -hydroxy- 7-methylpyrrolizin-3-one 261; 8H 
(360 MHz)4.35 (1H, td, 3J8.0 and 5.9, H 1 ), 3.77-3.85 (1H, m), 3.51 (1H, dt, 3J11.6 
and 7.9), 3.02 (111, m), 2.65-2.93 (21-1, m), 2.30-2.43 (111, m), 2.15 (11-1, m), 1.60- 
1.69 (111, m) and 0.90 (311, d, 3J7.1, Me); 8C 175.86 (q), 71.34, 67.63, 45.15, 43.03, 
34.79, 34.69 and 13.37. 
Using ethanol as the solvent, the two products reported above were 
formed, after hydrogenation for 5h at 55 PSi, in the ratios 1.8: 1 using 5% Rh-A1203 
and 1: 1.5 using 5% Pd-CaCO 3 . 
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In some reaction mixtures a third isomer was observed, which has the 
following NMR data: 8H  0.80 (3H, 3J 7. 1, Me) (see Table 23 in discussion, Section 
B4). 
No hydrogenation took place over 5% Rh-C in ethyl acetate. 
Retronecanol synthesis 
A 6 : 1 mixture of 1-acetoxyhexahydro-7-methylpyrrolizin-3-ones 258 and 259 (104 
mg, 0.5 mmol)] was reduced by LAH (75 mg, 2.0 mmol) using method B (see 
Section E3d). The products were distilled at 100-110 °C (0.6 Ton) to give a mixture 
of the hexahydro- 1 -hydroxy-7-methyl-3H-pyrrolizines 262 and 263 (66 mg, 88%) in 
a 6 : 1 ratio; cis-7, 7A-cis-7A,1-hexahydro-1-hydroxy-7-methyl-(31-J)-pyrroljzirie 
(retronecanol) 262; 5H  (360 MHz) 4.29 (1H, m, H 1 ), 3.50 (1H, m), 3.40 (1H, dd, 3J 
7.8 and 3.3, H7A), 3.25 (1H, td, 3J 7.0 and 4.0), 2.92 (1H, id, 3J 10.9 and 6.8), 2.80 
(1H, td, J 10.0 and 1.6), 2.34 (1H, m), 1.84-2.02 (3H, m), 1.75 (1H, m) and 1.26 
(3H, d, 3J7.0, Me); 6C 72.80, 72.58, 56.15, 54.35, 37.27, 35.48, 32.85 and 13.87 (in 
disagreement with literature data; 126  see discussion, Section 134); m/z 141 (M, 14%), 
97 (58), 83 (21), 82 (100), 69 (19), 55 (26) and 41 (41); cis-7,7A-trans-7A,1- 
hexahydro-l-hydroxy-7-methyl-3H-pyrrolizine 263; 8H  4.53(1H, m) and 1.08 (3H, 
d, 3J 7.1, Me); & 73.97, 71.56, 54.02, 53.23, 34.98, 32.57, 31.76 and 14.41. 
Purification of the mixture was achieved by recrystallisation of the picrate from, 
ethanol to give the picrate salt of retronecanol 262, mp 208-211 °C (from 
ethanol)(lit.,' 24 210 °C); 8H  ([2H6]acetone) (picrate) 10.57 (1H, br), 8.77 (2H, s), 4.59 
(1H, br s), 4.01-4.19 (2H, m), 3.76 (1H, m), 3.31-3.57 (2H, m), 2.65 (1H, m), 2.02-
2.41 (3H, m) and 1.39 (3H, d, 3J 6.9, Me); & ([2H6]acetone) (picrate) 159.94 (q), 
140.68 (q), 127.28 (q), 124.61, 73.70, 70.31, 54.79, 54.22, 35.48, 33.97, 31.17 and 
10.91. The picrate of the minor isomer 263 has the following characteristic NMR 
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signals; oH  ([2H6]acetone) (jicrate) 1.26 (3H, d, 3J 7.0, Me); O ([2H6]acetone) 
(picrate) 74.12, 68.76, 53.65, 52.70, 33.48, 32.97, 30.22 and 11.57. 
Hydrogenation of 1 ,2-dihydro-1-hydroxy-7-acetoxymethylpyrrolizin-3-one 224 
1 ,2-Dihydro- 1 -hydroxy-7-acetoxymethylpyrrolizin-3 -one 224 in ethanol 
was hydrogenated (on a small scale) over 5% Rh-C for 3 h at 45 PSI. A complex 
mixture of 4 major perhydro products was obtained; cis-7,7A-cis-7A,1- and cis-7,7A-
trans-7A, 1 -hexahydro- 1 -hydroxy-7-methylpyrrolizin-3-one 260 and 261 were 
identified from their ' 3C NMR resonances. The other two compounds were 
tentatively assigned as isomers of hexahydro-1-hydroxy- 7-acetoxymethylpyrrolizin-3-
one 264 from the ' 3C NMR spectrum of the mixture; 8 C (one carbon missing) 175.33 
(q), 172.10 (q), 170.87 (q), 170.71 (q), 69.72, 67.86, 65.99, 64.01 (CH 2), 63.36 
(CH2), 45.13, 43.61, 42.77, 40.70, 39.94, 37.10, 30.55, 30.07, 20.84 and 20.77. 
No reaction was observed over 5% Rh-C in ethyl acetate. 
Hydrogenation of 1-acetoxy-1 ,2-dihydro-7-methoxycarbonylpyrrolizin-3-one 
226 
A solution of 1 -acetoxy- 1 ,2-dihydro-7-methoxycarbonylpyrrolizin-3 -one 226 in 
glacial acetic acid was hydrogenated (on a small scale) over 5% Rh-A1203 for 7 h at 
55 PSI. A mixture of perhydro compounds was produced, mainly composed of two 
compounds tentatively identified as the isomers of 1-acetoxy-hexahydro-7-
methoxycarbonylpyrrolizin-3 -one 265 and 266 in a 2: 1 ratio, (Found M, 241.0966. 
C,,H15N05 requires 241.0950); m/z 241 (26), 198 (10), 183 (54), 182 (31), 181 (88), 
168 (66), 155 (65), 138 (68), 128 (80), 103 (86), 97 (90), 96 (55), 73 (74), 69 (100), 
68 (73), 67 (55), 55 (88), 43 (84), 42 (71) and 41(92). The following 'H NMR data 
were collected: cis-7,7A-cis- 7A, 1-1-acetoxy-hexahydro-7-
met hoxycarbo nylpyrrolizin-3 -one 265; 0H  5.45(1H, td, 
flj  5.0 and 1.3, H 1 ), 4.34 (111, 
259 
dd, ' 1J9.1 and 4.6), 4.01 (1H, m), 3.64 (3H, s, CO2Me) and 1.96 (311, s, O(CO)Me); 
cis- 7, 7A-trans- 7A, 1-1 -acetoxy-hexahydro- 7-methoxycarbonylpyrrolizin-3-one 266; 
6H 5.14 (1H, ddd, nJ 9.3, 5.9 and 3.8, H 1 ), 3.68 (3H, s, CO2Me) and 2.08 (3H, s, 
O(CO)Me). 
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F) DIELS-ALDER REACTIONS OF PYRROLIZIN-3-ONES 
Fl. DIELS-ALDER REACTIONS WITH ISOBENZOFURAN 
Formation of isobenzofuran 268w 
Flash vacuum pyrolysis of 1,4-epoxy-1,2,3,4-tetrahydronaphthalene 267 (58 mg, 650 
°C, 60 °C, 0.01 Ton, 10 mm) was carried out using the cold finger trap. Colourless 
crystals condensed on the cold finger maintained at -78 °C. The product was washed 
from the trap under nitrogen with ice-cold acetone (10 cm 3) (ether can also be used). 
Once the trap has been rinsed, the cold solution was poured into a round-bottom 
flask. This flask was connected to a liquid nitrogen trap and the solvent was 
removed at the oil pump without any heating, giving isobenzofuran 268 as white 
crystals. To the flask maintained below 0 °C was added [2H]chloroform and 'H and 
' 3 C NMR spectra were recorded at low temperature; 6H  (253K) 8.04 (1H, m), 7.38-
7.48 (2H, m) and 6.84-6.94 (2H, m); & (253K) 134.80, 123.59, 123.03 (q) and 
118.39. The stability of isobenzofuran [from FVP of 1,4-epoxy-1,2,3,4- 
tetrahydronaphthalene (40 mg, 650 °C, 60 °C, 0.01 Ton, 10 mm)] in acetone (10 
cm3) was followed by thin layer chromatography; no trace of isobenzofuran was 
present after 5 h at room temperature. 
Reactions with isobenzofuran 
General method 
Flash vacuum pyrolysis of 1,4-epoxy-1,2,3,4-tetrahydronaphthalene 267 gave 
quantitatively isobenzofuran as colourless crystals collected on the cold finger at -78 
°C. The product was washed under nitrogen with the minimum amount of ice-cold 
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solvent (ether or acetone) and added to an ice-cooled solution of the pyrrolizin-3-one 
in an equimolar amount. The mixture was warmed up to room temperature and 
stirred until the colour disappeared. Removal of the solvent under vacuum afforded 
the Die1sAlder cycloadduct as a endo/exo mixture whose ratio was calculated from 
the proton NMR spectrum, as described in the corresponding discussion Section. 
Reaction time and ratios endo : exo are indicated. 
6,11epoxy5a,6,11,11atetrahydro-5H-benzo[fJpyrro1o[2,1-a]iSOifldOl-5-Ofle 269 
{from pyrrolizin-3-one 197 (62 mg, 0.5 mmol) in ether (1 cm. 3) and 1,4-epoxy-
1,2,3,4-tetrahydronaphthalene [(75 mg, 0.5 mmol), 640 °C, 60 °C, 0.05 Torr, 15 
mm]; 2 h, 89 : III The two isomers were separated by dry flash chromatography. 
endo 269 (100 mg, 81%), white solid, mp 162-164 °C (from hexane/toluene) (Found: 
C, 75.9; H, 4.95; N, 5.8. C 15H 11NO2 requires C, 75.95; H, 4.65; N, 5.9%); 8H (360 
MHz) 7.24 (1H, d, 3J7.3), 7.08 (1H, dt, 3J7.3 and 
flj  1. 1), 7.00 (1H, dt, 3J7.3 and 'J 
1.0), 6.94 (1H, d, 3J7.3), 6.39 (1H, dd, 3J3.3 and 4J0.9), 6.10 (1H, t, 3J3.3), 5.85 
(1H, d, 3J3.3 and 4J0.9), 5.66 (1H, d, 3J5.0), 5.51 (1H, d, 3J4.4), 4.04-4.11 (2H, m); 
168.52 (q), 141.12 (q), 140.15 (q), 137.14 (q), 127.26, 127.18, 120.68, 120.17, 
118.22, 110.66, 104.96, 81.37, 79.40, 55.34 and 40.43; m/z 237 (M, 45%), 208 (10), 
180 (33), 152 (29), 119 (53), 118 (100), 91(32), 90(58), 89(50), 77(29), 76(22), 64 
(31), 63 (39), 51 (28) and 39 (33); exo 269 (7 mg, 6%), white solid, mp 173-175 °C 
(from hexane/toluene) (Found M, 237.0788. C 15H 11NO2 requires M, 237.0789); 
7.25-7.35 (2H, m), 7.14-7.22 (2H, m), 6.98 (1H, dd, 3J3.1 and 4J0.9), 6.44 (1H, t, 
3.1), 6.11 (1H, dd, 3J3.1 and 4J0.9), 5.63 (1H, s), 5.30 (1H, s), 3.33 (1H, br d, 3J6.0) 
and 3.22 (1H, br d, 3J6.0); 8c 170.37 (q), 144.04 (q), 143.38 (q), 139.60 (q), 127.45, 
127.41, 119.77, 119.74, 119.29, 111.75, 105.02, 83.53, 80.85, 56.10 and 42.08; m/z 
237 (M, 59%), 208 (21), 180 (52), 152 (45), 119 (68), 118 (100), 91(47), 90 (76), 
89 (66), 77 (48), 76 (38), 64 (44), 63 (52), 57 (39), 51 (41) and 43 (61). 
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Ha-methyl-6, 11-epoxy-5a, 6,11,1la-tetrahydro -5H-benzo[fJpyrrolo[ 2,1-aJisoindol-
5-one 270 {from 1-methylpyrrolizin-3-one 165 (70 mg, 0.5 mmol) in (2.5 cm 3) and 
1,4-epoxy-1,2,3,4-tetrahydronaphthalene [(80 mg, 0.5 mmol), 650 °C, 60 °C, 0.05 
Ton, 10 mm]; 21 h} The 'H NMR spectrum of the crude mixture showed 1-
methylpyrrolizin-3-one was the major component. More isobenzofuran was added 
[from 1,4-epoxy-1,2,3,4-tetrahydronaphthalene (115 mg, 0.8 mmol); 16 h, 30 : 70].) 
Dry flash chromatography afforded unreacted 1-methylpyrrolizin-3-one (17 mg, 
24%), the two isomers only partially separated (45 mg, 34%) and ortho-
phthaldialdehyde (5 mg); 8H  10.53 (2H, s), 7.97 (2H, dd, 3J 5.4 and 4J 3.3) and 7.77 
(2H, dd, 3J 5.4 and 4J 3.3) (data identical to those of an authentic sample). The 
fraction containing the endo 270 as the main component was characterised: (Found 
M, 251.0943. C 16H13NO2 requires M, 251.0946); m/z 251 (M, 19%),152 (10), 133 
(33), 119 (43), 118 (100), 105 (14), 104 (21), 90(45), 89 (39), 77 (15), 63 (17), 51 
(15), 42 (11), 41(87), 40(77), 39(71), and 38(57); 8H  7.17 (1H, m), 6.85-7.05 (3H, 
m), 6.27 (1 H, dd, 3J3.1 and 4J 1. 0), 6.04 (1H, t, 3J3.1), 5.75 (111, dd, 3J3.1 and 4J 
1.0), 5.61 (1 H, d, 3J5.8), 5.04 (114, s), 3.52 (1H, d, 3J5.8) and 1.71 (3H, 5); ö (one 
quaternary missing) 168.32 (q), 142.31 (q), 140.01 (q), 127.22, 127.12, 120.79, 
120.28, 118.20, 110.37, 103.45, 86.98. 80.48, 62.85, 48.00 (q) and 23.56; exo 270; 
H 7.27-7.34 (2H, m), 7.15-7.22 (2H, m), 6.95 (1H, dd, 3J3.3 and 4J 1. 1), 6.43 (1H, t, 
3J 3.3), 6.01 (1H, dd, 3J 3.3 and 4J 1. 1), 5.53 (1H, s), 5.10 (1H, s), 2.68 (1H, s) and 
1.02 (311, s); & 170.41 (q), 145.31 (q), 143.05 (q), 143.00 (q), 127.55, 127.08, 
121.64, 119.72, 119.29, 111.34, 102.87, 86.90. 81.96, 62.24, 47.52 (q) and 20.88. 
lla-methoxycarbonyl-6,11-epoxy-5a, 6,11,1la-tetrahydro-5H-benzo[fJpyrrolof2,1-
aJisoindol-5-one 271 {from 1,4-epoxy-1 ,2,3 ,4-tetrahydronaphthalene (32 mg, 0.2 
mmol) and dimethyl pyrrol-2-ylbut-2-enedioate 185 (47 mg, 0.2 mmol); < 10 s, 96: 
4} The two FVP precursors contained into two small test tubes were introduced into 
the same inlet tube. FVP was carried out at 700 °C under 0.01-0.02 Ton using the 
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cold finger trap and tin-foil at the exit point of the furnace. The temperature of the 
inlet tube (T i) was gradually increased; isobenzofuran was first formed (T i 60 °C, 10 
mm) followed by 1-methoxycarbonylpyrrolizin-3-one (T 1 120 °C, 20 mi. The 2 
condensed products were washed from the trap with acetone (12 cm 3). 
Decolouration occurred as soon as the solution reached the bottom of the trap. endo 
271, white powder mp 140-142 °C (from isopropyl alcohol) (Found: C, 68.95; H, 
4.6; N, 4.8. C 17H 13N04 requires C, 69.15; H, 4.4; N, 4.75%); oH 6.98-7.25 (411, m), 
6.38 (1H, dd, 3J3.2 and 4J 1. 1), 6.10 (1H, t, 3J3.2), 5.99 (1H, dd, 3J3.2 and 4J 1. 1), 
5.83 (111, br s), 5.73 (111, br d, 3J 5.9), 4.55 (111, d, 3J 5.9) and 3.85 (3H, s); E 
170.24 (q), 167.00 (q), 140.71 (q), 140.44 (q), 135.23 (q), 127.67, 127.46, 121.21, 
120.39, 118.28, 111.45, 106.02, 84.93, 80.01, 59.38, 57.99 (q) and 53.26; m/z 295 
(M, 22%), 236 (16), 208 (12), 180 (20), 179(11), 178 (19), 177 (13), 152 (27), 151 
(16), 119 (46), 118 (100), 91(22), 90(59), 89(48), 77(18), 76(17), 63 (29), 51(14), 
41 (12) and 39 (23). The minor exo 271 (not isolated) showed characteristic peaks at 
6.48 (1H, t, 3J3.1) and 6.31 (1H, dd, 3J3.1 and 4J 1.1). 
5a-methyl -6,11- epoxy -5a,6,11,lla-tetrahydro -5H-benzo[fJpyrrolo[ 2,1-a]isoindol-5- 
one 272 {from 2-methylpyrrolizin-3-one 166 (96 mg, 0.7 mmol) in ether (1 cm3) and 
1,4-epoxy- 1 ,2,3,4-tetrahydronaphthalene [(105 mg, 0.7 mmol), 640 °C, 60 °C, 0.01 
Ton, 20 min]; 24 h, 72 : 281 Dry flash chromatography afforded some unreacted 2-
methylpyrrolizin-3-one (20 mg, 21%) and a fraction containing both isomers (101 
mg, 56%). One recrystallisation (hexane/toluene) allowed isolation of the major 
endo 272 as a white solid, mp 134-136 °C (from hexane/toluene) (Found: C, 76.25; 
H, 5.3; N, 5.45. C 16H 13NO2 requires C, 76.5; H, 5.2; N, 5.6%); 0H  7.17 (lI-I, d, 3J 
8.0), 6.83-7.04 (311, m), 6.33 (111, dd, 3J 3.1 and 4J 1.0), 6.06 (111, t, 3J 3.1), 5.76 
(1H, dt, 3J3.1 and 4Jl.0), 5.45 (111, d, 3J5.5), 5.07 (111, s), 3.60 (111, dd, 3J5.5 and 
4J 1.0) and 1.71 (3H, s); Oc  171.98 (q), 141.27 (q), 140.79 (q), 135.93 (q), 127.23, 
127.12, 120.78, 120.36, 118.31, 110.77, 104.97, 85.06, 82.48, 62.04 (q), 48.17 and 
264 
20.43; m/z 251 (Mt, 70%), 237 (26), 180 (37), 152 (39), 133 (85), 119 (77), 118 
(100), 115 (33), 105 (69), 104 (65), 91(31), 90 (82), 89 (79), 78 (33), 77 (45), 63 
(56), 51(49), 41(73), 40 (44), 39 (87) and 38 (71); exo 272; 8H  6.80-7.27 (5H, m), 
6.44 (1H,t, 3J3.1), 6.05 (111, m), 5.30 (114, s), 5.18 (1H, s), 2.81 (111, s) and 1.00 
(3H, s); 8 6 174.32 (q), 143.96 (q), 141.82 (q), 138.53 (q), 127.58, 126.93, 121.82, 
119.68, 119.22, 111.75, 104.82, 84.61, 84.18, 60.52 (q), 48.49 and 17.53 ('H and ' 3C 
chemical shifts assigned by comparing the spectra of the mixture and the pure endo 
isomer). 
5a-methoxycarbonyl-6,11-epoxy-5a,6,11,lla-tetrahydro-5H-benzo[fJpyrrolof2,1-
aJisoindol-5-one 273 {from 2-methoxycarbonylpyrrolizin-3-one 168 (49 mg, 0.3 
mmol) in acetone (1 cm 3) and 1,4-epoxy-1,2,3,4-tetrahydronaphthalene [(43 mg, 0.3 
mmol), 600 °C, 60 °C, 0.01 Ton, 10 mm]; < 10 s, 35 : 65} The mixture (81 mg, 
99%) was characterised: (Found: C, 69.2; H, 4.5; N, 4.6. C 17H 13N04 requires C, 
69.15; H, 4.4; N, 4.75%); m/z 295 (M, 26%), 264 (23), 235 (19), 180 (23), 179 (21), 
178 (37), 177 (46), 152 (39), 151 (23), 147 (24), 146 (67), 119 (60), 118 (100), 104 
(24), 91(31), 90 (73), 89 (57), 77 (37), 63 (57), 51(34), 45 (37) and 39 (53). The 'H 
and ' 3C assignments were made directly from the crude mixture, minor endo 273; 8H 
6.89-7.33 (4H, m), 6.34 (1H, dd, 3J3.3 and 4J 1. 0), 6.07 (1H, t, 3J3.3), 5.93 (1H, s), 
5.83 (1H, dt, 3J3.3 and 4J 1.0), 5.49 (1H, d, 3J5.5), 4.33 (1H, dd, 3J5.5 and 4J 1.0) 
and 3.80 (3H, s); & (one carbon missing) 168.49 (q), 164.81 (q), 141.69 (q), 139.46 
(q), 135.83 (q), 127.74, 127.46, 119.89, 118.92, 111.41, 105.54, 82.58, 81.71, 71.61 
(q), 53.41 and 47.00. major exo 273; 8H  6.95-7.33 (4H, m), 6.99 (1H, dd, 3J 3.1 and 
4J 1.0), 6.46 (1H, t, 3J3.1), 6.14 (111, dt, 3J3.1 and 4J 1.0), 5.71 (111, s), 5.28 (111, s), 
3.67 (1H, d, 4J 1.0) and 3.56 (311, s); & 165.99 (q), 165.93 (q), 143.91 (q), 141.13 
(q), 138.22 (q), 127.99, 127.36, 121.82, 120.87, 119.68, 112.34, 105.34, 84.76, 
82.76, 71.95 (q), 52.90 and 46.59. 
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5a-cyano-6,11-epoxy-5a,6,11,lla-tetrahydro-5H-benzoffJpyrrolo[2,1-aJisoindol-5-
one 274 {from 1,4-epoxy-1,2,3,4-tetrahydronaphthalene [(88 mg, 0.6 mmol), 650 °C, 
60 °C, 0.01 Ton, 10 min] and 2-cyanopyrrolizin-3-one 167 (89 mg, 0.6 mmol) in 
acetone (1 cm. 3 ); < 1 mm, 55 : 451 Dry flash chromatography gave the two isomers 
together (119 mg, 74%). Three reciystallisations (isopropyl alcohol) gave the exo 
274 as a white solid, mp 189-192 °C (from isopropyl alcohol) (Found: C, 73.05; H, 
3.95; N, 10.5. C 16H 10N202 requires C, 73.25; H, 3.85; N, 10.7%) (Found M, 
262.0742. C 16H, 0N202 requires M, 262.0742); oH 7.57 (1H, m), 7.31-7.37 (314, m), 
7.10 (1H, dd, 3J3.3 and 4J 1.0), 6.56 (1H, t, 3J3.3), 6.24 (1H, dt, 3J3.3 and 4J 1. 0), 
5.81 (111, s), 5.44 (1H, s) and 3.69 (114, d, 4J 1.0); 8C 163.06 (q), 142.56 (q), 139.63 
(q), 136.44 (q), 128.94, 128.34, 122.15, 120.71, 120.04, 114.98 (q), 113.19, 106.46, 
84.99, 83.64, 57.48 (q) and 49.86; m/z 262 (M 234 (13), 205 (27), 177 (25), 
176 (28), 151 (26), 145 (29), 144 (45), 119 (51), 118 (100), 117 (31), 116 (38), 90 
(71), 89 (76), 88 (63), 77 (44), 76 (48), 69 (41), 64 (41), 63 (51), 62 (42), 51 (40) and 
39 (44); endo 274; 0H  6.95-7.58 (4H, m), 6.40 (111, dd, 3J3.3 and 4J0.9), 6.16 (1H, t, 
3J 3.3), 5.93 (1H, dt, 3J 3.3 and 4J 0.9), 5.86 (1H, s), 5.68 (1H, d, 3J 5.4) and 4.45 
(111, dd, 3J5.4 and 4J0.9); 8C 16 1. 10 (q), 140.71 (q), 137.68 (q), 134.03 (q), 128.68, 
127.98, 121.12, 121.08, 119.76, 116.89 (q), 112.09, 106.51, 84.69, 82.09, 58.25 (q) 
and 48.70 ('H and ' 3C chemical shifts of the endo isomer assigned by comparing the 
spectra of the mixture and the pure exo isomer). 
Thermal stability of cycloadducts 
(i) No change occurred in the 'H NMR spectrum of endo 6,11-epoxy-
5a,6,1 1,11 a-tetrahydro-5H-benzo[f]pyrrolo [2,1 -a] isoindol-5 -one 269 (10 mg) in 
[2H]chloroform (0.7 cm3) after heating for 4 h at reflux. 
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(ii) The ratio 35 : 65 endo to exo of 5a-methoxycarbonyl-6,11-epoxy-
5a,6,1 1,lla-tetrahydro-5H-benzo[f]pyrrolo[2,1-a]isoindol-5-one 273 (30 mg) in 
boiling [2H]chloroform (0.7 cm3) remained unchanged after 4 h (by 'H NMR). 
Solvent dependence 
The same 8 : 1 ratio endo to exo of 6,11 -epoxy-5a,6, 11,11 a-tetrahydro-5H-
benzo[f]pyrrolo[2,1-a]isoindol-5-one 269 is obtained by either addition of 
isobenzofuran (from 75 mg of precursor) in ether (7 cm. 3) to pyrrolizin-3-one (1 
equivalent) in ether (1 cm 3) or, addition of isobenzofuran (from 20 mg of precursor) 
in acetone (4 cm 3) to pyrrolizin-3-one (1 equivalent) in acetone (0.5 cm 3) (by 'H 
NMR). 
Reaction in absence of light 
Isobenzofuran 268 [from 1,4-epoxy-1,2,3,4-tetrahydronaphthalene (38 mg, 650 °C, 
60 °C, 0.01 Ton, 10 min] was washed from the cold finger trap with acetone and the 
solvent was removed at the oil pump. The product was dissolved in [2H6]acetone and 
added to pyrrolizin-3-one 197 (1 equivalent) in an NMR tube protected from light. 
After 3 h, the 'H NMR spectrum was recorded; the ratio endo to exo of 6,11-epoxy-
5a,6,1 1,lla-tetrahydro-5H-benzo[f]pyrrolo[2,1-a]isoindol-5-one 269 was 7: 1. This 
ratio was not significantly different from that obtained under normal conditions. 
F2. DIELS-ALDER REACTIONS WITH CYCLOPENTADIENE 
General method 
A solution of the pyrrolizin-3-one was treated with freshly distilled cyclopentadiene. 
The reaction mixture was set aside at room temperature until colourless, at which 
point the solvent and the excess of cyclopentadiene were removed under vacuum, to 
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afford the Diels-Alder cycloadduct as a endo/exo mixture. The ratios were calculated 
from the proton NMR spectrum, as described in the discussion section. The reaction 
time, yield and endo : exo ratios are indicated. 
6,9-methano-5a,6,9,9a-tetrahydro-5H-pyrrolo [2,1-a] isoindol-5-one 275 [from 
pyrrolizin-3-one 197 (151 mg, 1.2 mmol) in acetone (1 cm 3) and cyclopentadiene 
(0.55 g, 8.3 mmol); 16 h, (166 mg, 7 1%), 95 :5] endo 275, mp 73-75 °C (from light 
petroleum bp 40-60 oC)(lit69  73.5-76 °C) (Found: C, 76.75; H, 6.1; N, 7.45. 
C 12H 11N0, 0.15 H20 requires C, 76.7; H, 6.0; N, 7.45%); 8H  6.82 (1H, d, 3J 3.1), 
6.33 (1H, t, 3J3.1), 6.02 (1H, dd, 3J5.9 and J2.9), 5.88 (1H, m), 5.78 (1H, dd, 3J 
5.9 and J2.9), 3.54-3.68 (2H, m), 3.35 (1H, br s), 3.18 (1H, br s), 1.76 (1H, dt, 2J 
8.8 and "J 1.3) and 1.61 (1H, d, 2J8.8); exo 275; oH 6.96 (1H, d, 3J3.3). 
6, 9-methano-9a-methoxycarbonyl-Sa,6,9,9a-tetrahydro-SH-pyrrolo[2,1-aJisoindol-
5-one 276 {from 1-methoxycarbonylpyrrolizin-3-one 202 [from FVP of dimethyl 
pyrrol-2-ylbut-2-enedioate 185 (108 mg, 0.5 mmol), 700 °C, 90 °C, 0.01 Torr, 30 
mm], using the cold finger trap and other precautions as described in Section D3b. 
The FVP product was rinsed with cold acetone (50 cm3) and cyclopentadiene (2.30 g, 
35 mmol) was added; 1 h, (102 mg, 81%),96:  41 endo 276; yellow solid mp 55-56 
°C (from hexane/ethyl acetate) (Found: C, 69.05; H, 5.6; N, 5.95. C 14H 3NO3 
requires C, 69.15; H, 5.35; N, 5.75%); 0H  6.81 (1H, dd, 3J 3.1 and 4J 1. 1), 6.31 (1H, t, 
3J3.1), 6.06 (1H, ddd, 3J5.7, J2.9 and 0.7), 6.03 (1H, dd, 3J 3.1 and 4J 1. 1), 5.84 
(1H, ddd, 3J5.7, J3.1 and 0.7), 4.04 (1H, d, 3J4.6), 3.76 (3H, s), 3.48 (1H, m), 3.39 
(1H, m) and 1.78 (211, apparent triplet, fj  1.6); & 172.07 (q), 170.74 (q), 138.14 (q), 
135.53, 134.84, 118.38, 111.04, 105.51, 57.55, 55.96 (q), 52.81, 50.77, 50.61 and 
44.62; mlz 243 (M, 12%), 178 (10), 177 (100), 118 (18), 91 (17) and 66 (9). exo 
276; 8H  6.97 (114, dd), 6.42 (1H, t)and 6.11 (1H, dd). 
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6, 9-methano-5a-methoxycarbonyl-5a,6,9,9a-tetrahydro-5H-pyrrolo[2,1-aJisoindol-
5-one 277 [from 2-methoxycarbonylpyrrolizin-3-one 168 (87 mg, 0.5 mmol) in 
acetone (2 cm3) and cyclopentadiene (0.40 g, 6.0 mmol); 18 h, (106 mg, 89%), 48 
52] Characterisation of the mixture: (Found: C, 68.9; H, 5.65; N, 5.95. C 14H 13NO3 
requires C, 69.15; H, 5.35; N, 5.75%) (Found M, 243.0904. C 14H 13NO3 requires M, 
243.0895); 6c  (one carbon missing) 170.54 (q), 168.92 (q), 168.32 (q), 168.19 (q), 
140.24 (q), 139.29 (q), 138.14, 136.99, 136.27, 133.92, 119.43, 118.80, 111.35, 
110.85, 104.44, 104.31, 71.33 (q), 69.13 (q), 52.80, 52.57, 51.49, 47.99 (2 x C), 
45.94, 45.77, 45.70 and 44.37; m/z 243 (M, 90%), 212 (10), 180 (49), 179 (43), 178 
(46), 177 (100), 148 (55), 146 (78), 145 (39), 119 (40), 90 (39), 77 (31), 66 (45) and 
63 (39). Recrystallisation failed to vary the relative ratio of isomers. The 'H 
chemical shifts were assigned directly from the crude mixture, by analogy with those 
of the parent compound 275 and of the 2-cyano derivatives 278 (see below); endo 
277; 6H  6.81 (1H, dd, 3J3.1 and 4J 1.0), 6.32 (1H, 3t, J3.1), 6.06 (1H, dd, 3J 5.6 and 
'J 3.0), 5.90 (1H, m), 5.80 (1H, dd, 3J 5.6 and flj  3.0), 3.86 (1H, dd, 3J 4.2 and flj 
1.0), 3.73 (3H, s), 3.54 (1H, m), 3.16 (1H, m) and 1.79-1.92 (2H, m); exo 277; oH 
6.95 (1H, dd, 3J3.1 and 4J 1.0), 6.43 (1H, t, 3J3.1), 6.26-6.33 (2H, m), 5.99 (1H, m), 
3.67 (3H, s), 3.42-3.43 (211, m), 2.93 (1H, m), 1.54 (1H, br d) and 1.12 (1H, br d). 
5a-cyano-6,9-nzethano-5a,6,9, 9a-tetrahydro-SH-pyrrolo[2,1-aJisoindol-5-one 278 
[from 2-cyanopyrrolizin-3-one 167 (115 mg, 0.8 mmol) in acetone (5 cm3) and 
cyclopentadiene (0.60 g, 9.1 mmol); 40 h, (112 mg, 67%), 80 : 20] Dry flash 
chromatography was carried out to separate the fraction containing both isomers 
from some unreacted 2-cyanopyrrolizin-3-one (9 mg, 8%). Characterisation of the 
mixture: (Found M, 210.0792. C 13H, 0N20 requires M, 210.0793); m/z 210 (Mt , 
11%), 145 (14), 144 (52) and 66 (100). The 'H and ' 3C assignments were made 
directly fromthe crude mixture: endo 278; 8H  6.82 (1H, dd, 3J 3.2 and 4J 1.0), 6.36 
(1H, t, 3J3.2), 6.00 (1H, dd, 3J5.7 and flJ3Ø),  5.95 (1H, dt, 3J3.2 and 4J 1.0), 5.87 
269 
(1H, dd, 3J5.7 and J3.0), 4.02 (1H, dd, 3J4.3 and 4J 1. 0), 3.62 (1H, m), 3.34 (1H, 
m), 2.02 (111, ddd, 2J9•7, flj  1.5 and 1.4) and 1.95 (1H, dt, 2J9.7 and flj  1.7); ö 
164.09 (q), 137.58, 137.34 (q), 131.87, 119.90, 118.25 (q), 111.60, 105.44, 55.33 (q), 
51.41 (2 x C), 46.70 and 46.44; exo 278; oH 6.99 (1H, d, 3J3.2 and 4J 1.0), 6.52 (1H, 
dd, 3J5.7 and J3.1), 6.48 (1H, t, 3J3.2), 6.43 (1H, dd, 3J5.7 and J3.0), 6.05 (1H, 
dt, 3J3.2 and 4J 1.0), 3.46-3.49 (2H, m), 3.10 (1H, br s), 1.64 (1H, ddt, 2J 10.3, flj  1.8 
and 1.7) and 1.09 (1H, d, 2J 10.3); & (one carbon missing) 164.57 (q), 139.87, 
137.97 (q), 135.19, 120.34, 117.91 (q), 112.09, 105.61, 56.75 (q), 49.77, 48.33 and 
43.62. 
F3. FORMATION OF PYRROLAM A 
(a) 	The Diets-Alder route 
Preparation of endo 6,1 1-epoxy-5a,6,1 1,11 a-tetrahydro-5H-benzo If] pyrrolo [2,1-
ajisoindol-5-one 269 
A solution of isobenzofuran 268 {from 1,4-epoxy-1,2,3,4-tetrahydronaphthalene 
[(0.78 g, 5.3 mmol), 650 °C, 60 °C, 0.01 Ton, 30 min]} in cold ether (50 cm3) was 
added to pyrrolizin-3-one 197 (0.61 g, 5.1 nimol) in acetone (3 cm 3). The reaction 
mixture was allowed to warm up at room temperature with stirring until colourless. 
The solvents were removed under vacuum and the white crystalline residue was 
recrystallised from isopropyl alcohol to give pure endo 6,1 1-epoxy-5a,6,l 1,lla-
tetrahydro-5H-benzo[f]pyrrolo[2,1-a]isoindol-5-one 269 (0.91g. 74%) (data similar 
to those reported in Section Fib). No trace of exo isomer was observed by 1 H NMR. 
Hydrogenation 	of 	endo 	6,1 1-epoxy-5a,6,1 1,11 a-tetrahydro-5H- 
benzo[f]pyrrolo 12,1-al isoindol-5-one 269 
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A solution of endo 6,1 l-epoxy-5a,6,11,lla-tetrahydro-5H-benzo[f]pyrrolo[2,l-
a]isoindol-5-one 269 (0.67 g, 2.8 mmol) in ethanol (300 cm 3) was hydrogenated with 
5% Pd-C (78 mg) for 6 h at 45 PSI. After filtration through Celite, the solvent was 
removed to yield 1,2,3, 5a, 6,11,1 la, 11 b-octahydro-6, 11 -epoxy-5H-
benzo[J]pyrrolo[2, ]-aJisoindol-5-one 282 as a white solid (0.68 g, 99%), mp 153-
155 °C (from hexane) (Found: C, 74.3; H, 6.35; N, 5.8. C 15H 15NO2 requires C, 74.7; 
H, 6.2; N, 5.8%); oH 7.25-7.38 (21-1, m), 7.10-7.17 (21-1, m), 5.54 (1H, d, 3J6.2), 5.38 
(11-1, d, 3J5.1), 3.85-3.99 (21-1, m), 3.19 (11-1, ddd, 3J8.8, 8.1 and 5.1), 2.43-2.64 (21-1, 
m), 1.60-1.96 (31-1, m) and 1.35 (11-1, m); 5 C 170.14 (q), 144.36 (q), 141.82 (q), 
126.81, 126.24, 121.86, 121.71, 80.59, 80.56, 59.23, 55.72, 40.33, 39.86, 26.35 and 
22.82; m1z241 (Mt, 3%), 119 (55), 118 (100), 115 (36), 91(24), 90(35), 89(37), 63 
(20), 41 (36) and 39 (29). 
Pyrrolam A 17 
FVP 	of 	1,2,3 ,5a,6,1 1,11 a, 11 b-octahydro-6, 11 -epoxy-5H-benzo [f]pyrrolo[2, 1- 
a]isoindol-5-one 282 [(0.93 g, 3.8 mmol), 600 °C, 140 °C, 0.005-0.01 Ton, 1 h 40 
mm] was carried out. To the cold trap (below 0 °C) containing the FVP product, was 
added a solution of maleic acid (0.47 g, 4.0 mmol) in acetone (9 cm 3). The trap was 
allowed to warm up to room temperature. After 1 h, acetone was removed. The 
residues were dissolved in dichloromethane (30 cm 3) and washed twice with a 
saturated solution of sodium hydrogen carbonate (2 x 20 cm 3) and with water (40 
cm3). The organic layer was dried (MgSO 4) and concentrated to give pyrrolam A 17 
(332 mg, 70%) as a colourless oil which slowly crystallised under vacuum, bp 42-46 
°C (0.3 Ton); 0H  7.16 (11-1, dd, 3J 5.8 and 
flj  1.8), 5.97 (11-1, dd, 3J 5.8 and 'j  1.7), 
4.20 (11-1, m), 3.41 (1H, m), 3.17-3.27 (11-1, m), 2.00-2.31 (3H, m) and 1.16 (11-1, m); 
8c 175.34 (q), 148.68, 128.20, 67.58, 41.66, 29.70 and 28.80 (in agreement with 
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literature data' 7); m/z 124 (44), 123 (Mt, 89%), 95 (100), 94 (61), 68 (33), 67 (99) 55 
(35), 54 (32), 41(84), 40 (48) and 39 (68). 
Hydrogenation of 6,9-methano-5a,6,9,9a-tetrahydro-5H-pyrrolo [2,1-a] isoindol-
5-one 275 
6,9-Methano-5a,6,9,9a-tetrahydro-5H-pyrrolo[2, 1 -a] isoindol-5 -one 275 (40 mg, 0.2 
mmol) was hydrogenated in ethyl acetate (20 cm 3) with 5% Rh-A1203 (8 mg) for 4 h 
at 45 PSI. After filtration through Celite, the solvent was removed under vacuum. 
'H NMR of the residues showed that the fully saturated system 281 was formed 
along with the intermediate 5a, 6,7,8,9, 9a-hexahydro-6, 9-methano-5H-pyrrolo[2, 1-
a]isoindol-5-one 280 partially characterised from the reaction mixture; 8H  6.91 (1H, 
d, 3J 3.0), 6.39 (114, t, 3J 3.0) and 5.90 (111, d, 3J 3.0); oc (2 quaternaries missing) 
118.54, 110.16, 106.32, 55.48, 42.34, 41.28, 40.22, 38.72, 24.84 and 23.35. 
The entire mixture was hydrogenated under the same conditions for a further 8 h. 
The same work-up gave 1,2,3 ,5a, 6,7,8,9, 9a, 9b-decahydro-6, 9-methano-5H-
pyrrolo[2, 1-a]isoindol-5 -one 281 (40 mg, 97%) as a colourless oil, bp 150-155 °C (2 
Ton) (Found M, 191.1310. C 121­1 17N0 requires M, 191.1310); oH 3.90 (1H, q, 
8.3), 3.51 (1H, m), 2.89-3.11 (2H, m), 2.42-2.55 (2H, m), 2.33 (1H, m) and 1.28-2.14 
(10H, m); & 172.76 (q), 60.58, 53.09, 42.08, 41.62, 39.74, 39.46, 38.97, 26.81, 
25.43, 24.30 and 22.60; m/z 191 (Mt, 78%), 190 (31), 163 (23), 135 (66), 125 (70), 
124 (100), 86 (73), 84 (92), 70 (89), 66 (61), 41(91) and 39 (63). 
Hydrogenation of 11 a-methoxycarbonyl-6,1 1-epoxy-5a,6,1 1,11 a-tetrahydro-5H-
benzo Ff1 pyrrolo [2,1-a] isoindol-5-one 271 
11 a-Methoxycarbonyl-6, 11 -epoxy-5a,6,1 1,11 a-tetrahydro-5H-benzo[f]pyrrolo[2, 1-
a]isoindol-5-one 271 was hydrogenated over 30% Pd-C (12 mg) in ethanol (15 cm 3) 
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for 70 h at 50 PSI at room temperature. However almost no reaction took place and 
it remained as the major compound. 
(b) 	Other routes explored and stability of pyrrolam A 
Pyrolysis of 1 -acetoxy-1,2-dihydropyrrolizin-3-one 221 
FVP of l-acetoxy-1,2-dihydropyrrolizin-3-one 221 was carried out on a small scale 
(32 mg, 650 °C, 90 °C, 0.005 Torr, 10 mm). Analysis of the pyrolysate by 'H NMR 
spectroscopy showed complete conversion to pyrrolizin-3-one 197 along with the 
production of acetic acid. 
Pyrolysis of cis-1-acetoxy-hexahydropyrrolizin-3-one 249 
FVP of cis- 1-acetoxy-hexahydropyrrolizin-3-one 249 was carried out 
[(217 mg, 1.2 mmol), 650 °C, 120-150 °C, 0.01-0.05 Ton, 25 min]. The trap was 
rinsed with dichloromethane, the products were immediately preabsorbed onto silica 
and the mixture was purified by dry flash chromatography (using hexane/ethyl 
acetate as eluents). A unique fraction was isolated (40 mg) which was composed of 
pyrrolam A 17 ('H and ' 3C NMR spectra similar to those of an authentic sample), 
hexahydro-7A-hydroxypyrrolizin-3-one 285; 8c 174.62 (q), 97.55 (q), 40.36, 37.69, 
33.74 (2 x C) and 25.40 (in agreement with literature data ' 7) and a third compound 
tentatively identified as 7A-ethoxy-hexahydropyrrolizin-3-one 286 from its ' 3C NMR 
resonances; & 173.86 (q), 101.08 (q), 57.26, 40.76, 37.25, 34.29, 28.57, 25.10 and 
15.31. The approximate ratio of the 3 respective products, obtained from the ' 3 C 
NMR spectrum, was 5 3 2. 
FVP on a small scale at 600 °C (24 mg, 600 °C, 120 °C, 0.01 Ton, 10 
mm) was carried out. The pyrolysate was taken up in dichioromethane, poured into a 
solution of potassium carbonate (138 mg, 1 mmol) in water (4 cm 3), extracted and 
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the organic layer dried (MgSO 4). The residue after removal of the solvent (15 mg) 
was analysed by NMR spectroscopy; a 3 : 1 ratio of recovered starting material and 
pyrrolam A 17 was obtained. 
Pyrolysis of hexahydropyrrolizin-3-one 1 
Hexahydropyrrolizin-3-one 1 was fully recovered from pyrolysis at 650 
°C (35 mg, 650 °C, 90 °C, 0.01 Ton, 10 mm). 
FVP on a small scale of hexahydropyrrolizin-3-one 1 (37 mg, 500 °C, 60 
°C, 0.01-0.02 Ton, 10 mm) over 3 A molecular sieves (10 g; dehydrated at 450 °C 
for 1 h at atmospheric pressure and for 1 h under vacuum) gave pyrrolizin-3-one 197 
(7%) and recovered starting material (93%), identified from the 'H NMR spectrum of 
the pyrolysate. 
Pyrolysis of cis-hexahydro-1-hydroxypyrrolizin-3-one 252 over molecular sieves 
FVP on a small scale of cis-hexahydro-1-hydroxypynolizin-3-one 252 (21 
mg, 350 °C, 140 °C, 0.005 Ton, 10 mm) over 3 A molecular sieves (10 g; 
dehydrated at 450 °C for 1 h at atmospheric pressure and for 1 h under vacuum) gave 
a mixture of products analysed by 1 H NMR spectroscopy, by comparison with 
authentic samples; 1,2-dihydropynolizin-3-one 211 (19%), pynolizin-3-one 197 
(38%), pyrrolam A 17 (14%) as well as an unknown compound (28%) whose 
following 'H NMR peaks have been identified; 8H 4.75-4.79 (1H, m), 4.55-4.59 (1H, 
m), 3.56 (214, t, J8.6), 3.40 (2H, t, rJ7•Ø) and 3.21 (211, q, J2.9). 
FVP (19 mg, 360 °C, 150 °C, 0.01 Ton, 10 mm) over 5 A molecular 
sieves (10 g; dehydrated at 450 °C for 1 h at atmospheric pressure and for 1 h under 
vacuum) gave the same distribution of products plus recovered starting material, in 
the ratios 29: 4: 8: 30: 28. 
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Dry flash chromatography on silica of the combined pyrolysates allowed 
isolation of 1,2-dihydropyrrolizin-3-one 211, pyrrolam A 17 and a fraction 
containing two compounds identified by their ' 3 C resonances; hexahydro-7A-
hydroxypyrrolizin-3-one 285; & 174.62 (q), 97.55 (q), 40.36, 37.69, 33.74 (2 x C) 
and 25.40 (in agreement with literature data ' 7); hexahydro-7A-methoxypyrrolizin-3-
one 287; & 174.97 (q), 101.43 (q), 49.40, 40.79, 37.06, 34.31, 27.87 and 25.07 (in 
agreement with literature data ' 7). No trace of the unknown compound [see (i) and 
(ii) above] was obtained. 
Hydrogenation of 1,2-dihydro-1-phenylthiopyrrolizin-3-one 288 
Hydrogenation of 1,2-dihydro-1-phenylthiopyrrolizin-3-one 288 (25 mg) over 30 % 
Pd-C (39 mg) in methanol (10 cm 3) for 7.5 h at 55 PSI was unsuccessful; only 
starting material was recovered. 
Stability of pyrrolam A 17 
Pyrrolam A (55 mg) was preadsorbed on silica gel H (Fluka, 0.5 g), 
packed on the top of a small column and chloroform/methanol (1 : 1 mixture) was 
added at atmospheric pressure, the column being constantly kept wet using the same 
mixture of solvents. After 6 days under these conditions, the column was stripped 
with methanol to give a mixture of recovered pyrroiam A 17, hexahydro-7A-
methoxypyrrolizin-3-one 287 and hexahydro-7A-hydroxypyrrolizin-3-one 285 in the 
approximate ratio 4: 5: 1 obtained from the ' 3C NMR spectrum. 
Pyrrolam A (60 mg) is stable in the following solutions for at least the 
time stated: [2H]chloroform (0.7 cm3), 20 days; [2H]chloroform (0.7 cm3) + 
[2H 1 ]methanol (1 drop), 56 h; [2H]chloroform (0.7 cm3) + acetic acid (1 equivalent), 
6 days. 
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G) INVESTIGATION OF THE KINETICS OF THE METHANOLIC 
RING-OPENING OF PYRROLIZIN-3-ONES 
Gi. PRELIMINARIES 
Formation of methyl (Z)-3-(3-methoxycarbonylpyrrol-2-yl)propenoate 201 
7-Methoxycarbonylpyrrolizin-3-one 176 (26 mg, 0.15 mmol) was dissolved in 
methanol (2 cm3). The solution became colourless within 20 mm. The solvent was 
removed under vacuum to give methyl (Z)-3-(3-methoxycarbonylpyrrol-2-
yl)propenoate 201 (27 mg, 88%) as a colourless solid, mp 54-55 (from hexane) 
(Found: C, 57.35; H, 5.3; N, 6.6. C 10H 11N04 requires C, 57.4; H, 5.25; N, 6.7%); SH 
12.75 (1H, br s), 7.90 (1H, d, 3J 13.0), 6.89 (1H, t, 3J2.8), 6.71 (1H, t, 3fand 4J2.8), 
5.79 (1H, d, 3J 13.0), 3.82 (311, s) and 3.77 (311, s); 8 C 169.33 (q), 164.98 (q), 132.76, 
130.86 (q), 120.68, 118.05 (q), 112.61, 112.14, 51.85 and 51.12; m/z 209 (M, 
100%), 178 (21), 177 (34), 150 (46), 118 (35), 91 (84), 52 (23),41 (30) and 39 (53). 
Formation of (Z)-3-(3-Methoxycarbonylpyrrol-2-yl)propenoic acid 289 
(i) To a solution of 7-methoxycarbonylpyrrolizin-3-one. 176 (22 mg, 0.15 
mmol) in acetone (1 cm 3) was added an aqueous solution of sodium hydroxide (0.5 
M, 0.5 cm3). Decolourisation was instantaneous. Water (3 cm 3) followed by the 
minimum amount of dilute hydrochloric acid was added until acidic, then the 
solution was extracted with dichioromethane (2 x 10 cm 3). After drying (MgSO4) of 
the organic layer and removal of the solvents under vacuum, (Z)-3-(3-
methoxycarbonylpyrrol-2-yl)propenoic acid 289 (22 mg, 91%) was obtained as a 
white solid, mp 145-148 °C (from hexane/ethyl acetate) (Found: C, 55.1; H, 4.7; N, 
7.0. C9H9N04 requires C, 55.4; H, 4.6; N, 7.2%) (Found M, 195.0537. C 9H9N04 
requires M, 195.0532); oH  ([2H6]acetone) 12.93 (111, br, NH), 7.94 (1H, d, 3J 13.0), 
276 
7.13 (1H, t, 3J2.7), 6.68 (1H, t, 3fand 4J2.7), 5.90 (1H, d, 'J 13.0) and 3.80 (3H, s); 
c ([2H6]acetone) 168.94 (q), 163.63 (q), 131.81, 129.89 (q), 120.63, 117.12 (q), 
111.89, 111.39 and 49.62; m/z 196 (30%), 195 (Mt, 61), 164 (36), 151 (45), 150 
(78), 146 (62), 135 (51), 120 (47), 118 (61), 94 (42), 83 (48), 65 (72), 63 (65), 46 
(86) and 43 (100). 
(ii) To a solution of 7-methoxycarbonylpyrrolizin-3-one 176 (31 mg, 0.2 
mmol) in acetone (0.3 cm 3) was added water (1 cm 3). The solution was set aside for 
2 days at room temperature and then heated for 2 h at 80 °C. The solvents were 
removed under vacuum and the residues were taken up in [2H6]acetone; (Z)-3-(3-
methoxycarbonylpyrrol-2-yl)propenoic acid 289 (10%) and remaining starting 
material (90%) were present. 
Formation of diethyl (E)-pyrrol-2-ylbut-2-enedioate 200 
(i) A solution of sodium ethoxide [from sodium (25 mg, 1.1 mmol) in 
ethanol (4 cm3)] was added to 1 -methoxycarbonylpyrrolizin-3-one 202 {from FVP of 
dimethyl pyrrol-2-ylbut-2-enedioate [(78 mg, 0.4 mmol), 700 °C, 90 °C, 0.01 Ton, 
15 min] using the cold finger trap} in ethanol (10 cm 3). The solution became 
colourless instantaneously. After concentration, water was added and the residues 
were extracted with dichloromethane and washed with water. The organic layers 
were dried (MgSO4) and concentrated to give diethyl (E)-pyrrol-2-ylbut-2-enedioate 
200 (41 mg, 46%) as a yellow oil, bp 180-190 °C (0.2 Ton) (Found M, 237.1003. 
C 12H 15N04 requires M, 237.1001); oH  12.61 (1H, br s), 7.04 (1H, m), 6.73 (111, m), 
6.29 (1H, m), 5.93 (1H, s), 4.36 (2H, q, 3J7.2), 4.24 (214, q, 3J7.2), 1.38 (3H, t, 
7.2) and 1.32 (3H, t, 3J 7.2); Oc  168.60 (q), 167.82 (q), 139.02 (q), 125.90 (q), 
123.55, 117.79, 110.41, 110.04, 61.90, 61.04 and 13.96 (2 x C); m/z 237 (Mt, 94) 
192 (22), 191 (21), 179 (38), 165 (62), 164 (40), 119 (43), 92(37) and 91(100). 
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(ii) 	Under neutral methanolic conditions, no ring opening of 1- 
methoxycarbonylpyrrolizin-3-one 202 was observed; only dimerisation occurred. 
Reaction of pyrrolizin-3-one 197 with magnesium methoxide 
To a solution of pyrrolizin-3-one 197 (100 mg, 0;8 mmol) in methanol (2 cm 3) was 
added a solution of magnesium methoxide (Ca. 1.3 M, 0.7 cm3). The solution 
became yellow. Water (1 cm 3) and hydrochloric acid (10%, 0.1 cm3) were added. 
The solution was extracted with dichloromethane (2 x 10 cm 3), the organic layer 
dried (MgSO4) and concentrated to afford methyl (Z)-pyrrol-2-ylpropenoate (108 mg, 
85%); 8H  (60 MHz) 7.00 (1H, m), 6.78 (1H, d, 3J 12.0), 6.55 (1H, m), 6.28 (1H, m), 
5.54 (1H, d, 3J 12.0) and 3.78 (3H, s) (in agreement with literature data 69). 
G2. RATE CONSTANT DETERMINATION 
(a) 	by 1H NMR spectroscopy 
(i) Relative rate constants were obtained by monitoring, by 'H NMR 
spectroscopy, the methanolysis at room temperature in [2H4]methanol (0.7 cm. 3) of 7-
methoxycarbonylpyrrolizin-3-one 176 and 1 ,2-dihydro-7-
methoxycarbonylpyrrolizin-3-one 241 present in an equimolar amount. The ring-
opening of the two initial components of the reaction mixture was monitored through 
the disappearance of their characteristic resonances (respectively 7.49 and 6.75 ppm), 
and appearance of the characteristic resonances of the two associated ring-opening 
products (respectively 7.82 and 6.55 ppm). The relative magnitudes of the 
resonances were taken as a measure of the concentration of the different components. 
The methanolysis of 7- methoxycarbonylpyrrolizin-3-one was complete in 50 mm. 
23 % of 1,2-dihydro-7- methoxycarbonylpyrrolizin-3-one remained after 2 h 20 mm. 
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The calculated rate constants (see discussion, Section 132) were respectively 1.14.10 -2  
.4 	. -1 	3 
	
- 	3 	-1 mm 1  dm mol and 7.7210 mm dm mol 
(ii) A similar study was carried out by monitoring the methanolysis of 5-
ethoxycarbonylpyrrolizin-3 -one 170 and 7-methoxycarbonylpyrrolizin-3 -one 176 
The characteristic 'H NMR resonances used to monitor the reaction were 6.14 and 
7.49 ppm for the initial compounds and, 6.52 and 7.82 ppm for their respective ring-
opening products. 7-Methoxycarbonylpyrrolizin-3 -one completely disappeared 
within 45 mm. 45% of 5-ethoxycarbonylpyrrolizin-3-one was still present after 1 h 
20 mm. The calculated rate constants were respectively 3.19.10 -3 min 1 dm3mor' and 
3.9710 min 1 dm moF. 
(b) 	by UV spectroscopy 
Pseudo-rate constant determination 
The ring-opening of the pyrrolizin-3-ones, by sodium methoxide in a large excess, 
was followed by U.V. spectroscopy, using the SFA-20 Rapid Kinetics Stopped-Flow 
apparatus. The decrease of absorbance of the pyrrolizin-3-one over a short period of 
time (20 ms to 20 s) was monitored. Using the curve fitting program, the exponential 
function was found to be a very good fit, which implies the reactions are pseudo first-
order. The corresponding pseudo-rate constants k' were calculated by the program. 
The true second order rate constants are quoted in the discussion. For each 
compound all the results were at least duplicated to ensure their reproducibility 
(within 5% in most cases). The errors were greater for the compounds which react 
very quickly, in particular for the 2-cyano derivative. 
Both solutions were prepared accordingly to ensure the pseudo-first order conditions, 
i.e. [sodium methoxide] > 10 [pyrrolizin-3-one], using appropriate analytical 
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material. The pyrrolizin-3-one concentrations were calculated. The sodium 
methoxide solution was titrated by a standard aqueous solution of hydrochloric acid. 
The study was made at 25 °C. For each compound are respectively indicated: the 
wavelength of the study, the compound concentration, the sodium methoxide 
concentration and the pseudo-rate constants obtained. Pyrrolizin-3-one 197 (420 nm; 
1.8.10-3M; 9.39102  M; 1.38 and 1.41 s5;  l-methylpyrrolizin-3-one 165 (420 nm; 
2.3.10-3M; 9.39102  M; 0.245 and 0.242 s'); l-methoxycarbonylpyrrolizin-3-one 
202 (460 rim; :5 2.110 M; 9.24102  M; 75.4 and 75.7 s'); 2-methylpyrrolizin-3-one 
166 (420 nm; 2.410 M; 9.47102  M; 0.287 and 0.286 s'); 2-
methoxycarbonylpyrrolizin-3-one 168 (460 nm; 1.510 M; 2.77.10-3 M; 14.4, 14.2, 
13.6, 14.3 and 13.9 s - 1 ); 2-cyanopyrrolizin-3-one 167 (460 nm; 3.4.10 -5 M; 9.47.10 
M; 47, 84 and 152 s'); 5-methylpyrrolizin-3-one 169 (420 nm; 2.6.10-3M; 9.47102 
M; 0.0814 and 0.0819 s 1 ); 5 -ethoxycarbonylpyrrolizin-3 -one 170 (450 nm; 1.210' 
M; 2.84.10-3 M; 0.578 and 0.575 s'); 6-phenylpyrrolizin-3-one 294 (440 nm; 3.110 
M; 9.63.10-2 M; 3.45, 3.24, 3.24 and 3.32 s'); 6-bromopyrrolizin-3-one 171 (430 
nm; 1.6.10-3M; 9.63102  M; 29.1, 28.9 and 28.7 s'); 6-acetylpyrrolizin-3-one 172 
(420 nm; 1.410 M; 1.9310 M; 2.56, 2.54 and 2.49 s'); 6-
methoxycarbonylpyrrolizin-3-one 173 (400 run; 1.410 M; 1.93.10 -3 M; 1.94, 1.94 
and 1.89 s 1 ); 7-methoxypyrrolizin-3-one 175 (420 nm; 4.0.10 -3 M; 9.77.10-1 M; 
0.287 and 0.300 s'); 7-methylpyrrolizin-3-one 174 (420 nm; 1.8.10-3M; 9.39102  M; 
0.119 and 0.120 s'); 7-methoxycarbonylpyrrolizin-3-one 176 (450 run; 1.510 M; 
1.85.10-3 M; 3.68 and 3.43 and 3.34 s 1 ; pyrrolo [ 1,2-c] imidazol-5 -one 295 (430 nm; 
1.6.10-3M; 3.98102  M; 49.5, 41.1, 39.1 and 49.7 s'); 8H-thieno[3,2-a]pyrrolizin-8-  
one 174 296 (430 run; 2.010 M; 9.29102  M; 1.84 and 1.82 s5;  pyrrolo[2,1-
a]isoindol-5-one 174 297 (410 nm; 2.7.10-3M; 9.29102  M; 1.95 and 1.96 s');. 
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Variation of the pseudo-rate constants with the concentration of sodium 
methoxide 
The ring-opening of the parent pyrrolizin-3-one 197 (of concentration 2.6.10 -3 M) at 
a constant temperature (25 °C), varying the concentration of the sodium methoxide 
solution, was followed at a wavelength of 420 nm, by the method previously 
described. Concentrations of sodium methoxide solutions and pseudo-rate constants 
obtained as indicated: 3.710.2  M, 0.546 and 0.550 s'; 9.3102 M, 1.41 and 1.41 s'; 
4.010' M, 6.89 and 6.94 s 1 ; 8.0.10- 'M, 17.5 and 17.4 s ' ; 1.0 M, 21.8 and 21.9 s 1 . 
Variation of the pseudo-rate constants with temperature 
The ring-opening of the parent pyrrolizin-3-one 197 (of concentration 1.8.10 -3 M) by 
a solution of sodium methoxide (of concentration 9.25.10 -2 M) was followed at a 
wavelength of 420 ran, varying the temperature, by the method previously described. 
Temperatures and pseudo-rate constants are indicated: 21.1 °C, 0.933 and 0.920 s'; 
25.5 °C, 1.13 and 1.15 s- 1 ; 30.6 °C, 1.66 and 1.68 s'; 35.5 °C, 2.38 and 2.34 s'. 
Titration of sodium methoxide 
The concentration of the sodium methoxide solution was determined on a daily basis 
as follows: the sodium methoxide solution (ca. 0.1 M, 1.0 cm3) was diluted with 
deionised water (Ca. 20 cm 3). Five drops of a solution of bromothymol blue 
[prepared from 0.1 g of bromothymol blue in sodium hydroxide (0.01 M, 16 cm 3) 
and water (234 cm3)] were added and the solution was titrated against a standard 
solution of aqueous hydrochloric acid (1.212.10 -2 M). 
G3. SYNTHESIS OF CIS-UROCANIC ACID 
Synthesis of cis-urocanic acid 300 
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FVP of methyl (E)-3-(imidazol-4-yl)propenoate 301 [(518 mg, 3.4 mmol), 850 °C, 
180-220 °C, 0.01-0.1 Ton, 30 mm] was carried out and the products were collected 
using a cold finger trap. The connection situated between the furnace silica tube and 
the cold finger was wrapped in tin-foil, allowing the FVP product to condense almost 
exclusively on the cold surface of the trap. Under nitrogen, the trap was rinsed with 
acetone (ca. 50 cm3). The solution was poured into a round-bottom flask and acetone 
was removed at the oil pump, keeping the solution below 0 °C. At that point 
pyrrolo[1,2-c] imidazol-5-one 295 was obtained as a yellow solid; 8H 7.75(111, s), 
7.31 (111, dd, 3J 5.9 and J 0.7), 6.80 (1H, s) and 5.84 (111, d, 3J 5.9) (in agreement 
with literature data96). Tetrahydrofuran (8 cm 3) and water (45 cm3) were added and 
the mixture was heated at reflux for 3h. Tetrahydrofuran and water were removed 
using a rotary evaporator successively under water pump and oil pump pressure. The 
oily residues were left under vacuum (oil pump) for 3h. They were then taken up in 
methanol and silica gel (2.5 g) was added. After removal of methanol the 
preabsorbed sample was dried for 2 h at the oil pump. Dry flash chromatography 
using pure ethyl acetate afforded fractions 1 (53 mg) and 2 (47 mg). Further elution 
with a mixture of ethyl acetate/methanol (4: 1) yielded fraction 3 (217 mg). Fraction 
1; mixture of products, the major one being identical to fraction 2. Fraction 2; 4-
ethynylimidazole 303 (47 mg, 15 %), white crystals, mp 100.5-101 °C (from 
hexane/ethyl acetate) (Found M, 92.0375. C 5H4N2 requires M, 92.0374); 8H 
(12H6jacetone) 10.05 (1H, v br), 7.74 (1H, d, 4J 1.1), 7.42 (1H, d, 4J 1.1) and 3.58 
(1H, s); & ([2H6]acetone) 134.95, 122.99, 119.35 (q), 77.49 and 76.28; m/z 92 (Mt , 
100%), 65(32, -HCN), 41(43), 38 (40) and 28 (90). Fraction 3; cis-urocanic acid 
300 (217 mg, 46 %) white solid, mp 164-166 °C (dec.)(from ethanol/ethyl acetate) 
(for example lit.,' 75 171-173 °C); 8. ([2H6]DMSO) 8.11 (1H, s), 7.62 (1H, d, 
flj  1.0), 
6.88 (1H, d, 3J 12.8) and 5.67 (1H, d, 3J 12.8); 8C ([2H6]DMSO) 167.26 (q), 136.02, 
133.91 (q), 129.90, 123.32 and 118.66. A trace of an impurity not identified (< 5%) 
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was present in this fraction; 8H  ([2H6]DMSO) 7.84 (1H, s), 7.35 (1H, dd, 
flj  5.4 and 
1. 5), 6.97 (1H, d, 'J 12.5), 5.97 (1H, dd, '.J5.4 and 1.1) and 5.81 (1H, d, flj  12.5). 
Formation of methyl (Z)-3-(imidazol-4-yl)propenoate 302 
FVP of methyl (E)-3-(imidazol-4-yl)propenoate 301 [(62 mg, 0.4mmol), 850 °C, 
150-160 °C, 0.004 Torr, 15 mm] was carried out and the products were collected 
using a cold finger trap. The products were directly rinsed with methanol (20 cm 3) 
and the solution was left aside at room temperature for 18 h. Removal of the solvent 
under vacuum yielded methyl (Z)-3-(imidazol-4-yl)propenoate 302 (23 mg, 37%); oH 
7.73 (1H, s), 7.36 (1H, s), 6.82 (1H, d, 3J 12.5), 5.68 (1H, d, 3J 12.5) and 3.77 (3H, 
s); O (one quaternary missing) 168.93 (q), 137.38, 136.30, 131.28, 111.18 and 51.84 
(in agreement with the literature data 69). 
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H) OTHER PROPERTIES OF PYRROLIZIN-3-ONES 
Hi. FORMATION OF C1-C BONDS 
(a) 	Reactions with organometallic species 
Reaction with methyl lithium 
To a ethereal solution of methyl lithium (1.3 M, 25 cm3) cooled at -78 °C 
was added with stirring a solution of pyrrolizin-3-one 197 (1.73 g, 14 mmol) in dry 
ether (45 cm3) over a period of 3 h. The dry ice/acetone bath was replaced with an 
ice bath and stirring was continued for 3 h. Water (20 cm 3) followed by hydrochloric 
acid (2 M, 10 cm. 3) was added. The solution was extracted with ether (3 x 40 cm 3), 
the organic layers dried (MgSO 4) and concentrated to give (Z)-3-hydroxy-3-methyl-1-
(pyrrol-2-yl)but-1-ene 305 (2.12 g, 96%) as colourless crystals becoming quickly 
brown, mp 44-46 °C (from sublimation) (Found: C, 71.05; H, 9.05; N, 8.9. C9H 13N0 
requires C, 71.5; H, 8.6; N, 9.25%) (Found M, 151.0998. C9H 13N0 requires M, 
151.0997); oH 10.88 (111, br s), 6.84 (111, m), 6.20-6.27 (311, m), 5.32 (111, d, 3J 
12.8), 2.21 (1H, br s) and 1.45 (611, s); & 128.83 (q), 128.78, 120.23, 119.81, 
112.17, 108.44, 71.41 (q) and 30.15(2 x C); m/z 151 (M, 22%), 136 (20), 133 (10), 
132 (12), 118 (23), 117 (12),108 (11), 94(17), 80(24), 58 (25) and 43 (100). 
Pyrrolizin-3-one 197 (526 mg, 4.4 mmol) was added to an ice-cooled 
solution of methyl lithium [1.5 M, 8 cm3 ; as a complex with lithium bromide]. The 
ice bath was removed and stirring was continued for 2.5 h at room temperature. 
After a work up similar to the one above, dry flash chromatography (using 
hexane/ethyl acetate as eluents) of the crude reaction mixture gave (Z)-3-hydroxy-3-
methy1-1-(pyrro1-2-y1)but-1-ene 305 (327 mg, 49%) (spectra as above) and a by-
product identified as 4-(pyrrol-2-yl)pentan-2 -one 306 (67 mg, 10%), bp 70-75 °C (1 
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Ton) (Found M, 151.1002. C 9H 13N0 requires M, 151.0997); 8H  8.67 (11-1, br), 6.65 
(1H, m), 6.11 (11-1, m), 5.91 (111, m), 3.35 (111, m) 2.73 (2H, br d, .J6.6), 2.12 (311, 
s), and 1.32 (3H, d, 3J7.1); 8c 209.46 (q), 136.36 (q), 116.22, 107.34, 102.80, 51.80, 
30.20, 27.21 and 19.69; m/z 151 (M, 36%), 108 (48) and 94 (100). 
Reaction with dimethyl cuprate/ trimethylsilyichioride 
To a stirred solution of dimethyl cuprate [prepared from copper (I) iodide (277 mg, 
1.5 mmol) and an ethereal solution of methyl lithium as a complex with lithium 
33 
i bromide (1.5 M, 2 cm)] n dry ether (3 cm) at -78 C was added 
trimethylsilyichioride (0.18 cm 3,  1.4 mmol) followed by a solution of pyrrolizin-3-
one 197 (114 mg, 1.0 mmol) in dry ether (5 cm 3). The reaction mixture was stirred 
for 30 min below -70 °C. It was then allowed to warm up to room temperature and 
stirred for a further 1 h. Water (5 cm 3) was added and the solution was filtered 
through Celite, then extracted with ether (3 x 15 cm 3). The combined organic layers 
were washed once with water, dried (MgSO 4) and concentrated to give, as the major 
product, 1,2-dihydro-1-methylpyrrolizin-3-one 230, which was purified by dry flash 
chromatography (using hexane/ethyl acetate as eluents) to afford a colourless liquid 
(20 mg, 15%) (data identical to those reported in Section E3a). 
Other attempts 
No identifiable resonances could be observed from the following reactions: 
dimethyl cuprate with pyrrolizin-3-one 197 in ether below - 78°C in 
absence of trimethylsilychloride. 
methyl magnesium bromide with pyrrolizin-3-one 197 in ether. 
methyl magnesium bromide/Copper bromide with pyrrolizin-3-one 197 
in ether. 
285 
Pyrolysis of (Z)-3-hydroxy-3-methyl-1-(pyrrol-2-yl)but-1-ene 305 
FVP of (Z)-3-hydroxy-3-methyl-1-(pyrrol-2-yl)but-1-ene 305 [(116 mg, 0.8 mmol), 
550 °C, 100-120 °C, 0.01 Ton, 15 mm, 23 mg of residues] followed by bulb-to-bulb 
distillation of the pyrolysate gave 3,3-dimethyl-3H-pyrrolizine 308 (66 mg, 64%) as 
a colourless liquid, bp 95-100 °C (45 Ton) [lit., 
151  50 °C (6 Ton)] (Found M, 
133.0889. C9H,,N requires M, 133.0891); 6H  6.84 (111, ddd, 3J2.6, 4J 1.1 and 5J0.6, 
1-15), 6.49 (1H, dd, 3J 5.9 and 5J 0.6, H,), 6.30 (11-1, ddd, 3J 3.4, 2.6 and 6J 0.9, 116), 
6.19 (1H, dd, 3J5.9 and 6J0.9, 112), 5.94 (1H, dd, 3J3.4 and 4J 1. 1, H7) and 1.43 (614, 
s, 2 x Me); & 139.11, 138.28 (q), 120.30, 112.94, 111.62, 97.63, 64.47 (q) and 
26.67; m/z 133 (M, 85%), 132 (55), 119 (15), 118 (100), 117 (46), 91 (17) and 65 
(11). 
(b) 	Photochemical reactions 
Irradiation of pyrrolizin-3-one 197 
(i) A solution of pyrrolizin-3-one 197 (195 mg, 1.6 mmol) and benzophenone 
(338 mg, 1.8 mmol) in methanol (20 cm3) was irradiated with a 125 W mercury lamp 
for 16 h at room temperature. The solvent was removed and the reaction products 
were separated by dry flash chromatography on silica (using hexane/ethyl acetate as 
eluents). This yielded recovered benzophenone (321 mg), trans- 7,8-dioxo- 7,7a, 7b, 8- 
tetrahydro-6a,8a-diaza-cyclobuta[1,2-a; 4,3-a 'Jdipentalene 309 (53 mg, 27%) as a 
white solid, mp 250-251 °C (from ethyl acetate) (Found: C, 70.05; H, 4.2; N, 11.5. 
C 14H, 0N202, 0.05 H20 requires C, 70.3; H, 4.2; N, 11.75%); oH 7.15 (2H, dd, 3J3.0 
and 4J 1. 1), 6.56 (211, t, 3J3.0), 6.18 (21-1, d, 3J3.0) and 3.71 (411, m); & 170.13 (q), 
139.89 (q); 120.04, 112.09, 105.73, 47.31 and 39.16; ,n/z 239 (13), 238 (M, 53%), 
209 (4), 180 (5), 155 (8), 120 (67), 119 (100), 91(55), 64 (32) and 63 (30) and cis-
7, 8-dioxo- 7, 7a, 7b, 8-tetrahydro-6a, 8a-diaza-cyclobuta[1 , 2-a; 4,3-a ]dipentalene 310 
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(65 mg, 33%) as a white solid, mp 246-247 °C (from toluene) (Found: C, 70.2; H, 
4.2; N, 11.45. C 14H 10N202 requires C, 70.6; H, 4.2; N, 11.75%); 8H 6.89 (21-1, d, 3J 
3.1), 6.30 (2H, t, 3J3.1), 5.86 (21-1, d, 3J3.1) and 4.09 (41-1, m); 8 C 168.55 (q), 137.00 
(q); 119.41, 112.18, 106.42, 45.09 and 34.42; m/z 239 (18), 238 (Mt, 59%), 209 (4), 
181 (7), 154 (11), 120 (57), 119 (100), 91(55), 64 (40) and 63 (46). In this last 
fraction a trace of 4, 8-dioxo-3 c, 4, 7c, 8-tetrahydro-4a, 8a-diaza-cyclobuta[1, 2-a, 3,4- 
a ]dipentalene 311 could be observed; 8H  6.80 (21-1, d, 3J 3.0), 6.32 (21-1, t, J 3.0), 
6.07 (21-1, d, 3J 3.0) and 4.09 (41-1, m); & 169.35 (q), 136.13 (q), 119.41, 111.91, 
107.19, 47.25 and 31.95. 
(ii) NMR tube reactions: 
A sample of pyrrolizin-3-one 197 (0.3 to 0.4 mmol) in solvent in a quartz NMR tube 
was irradiated with a 125 W mercury lamp at room temperature. Reaction was 
monitored by t.1.c. or directly by 'H NMR spectroscopy. The solvent, volume of 
solvent, reaction time and products formed, with their relative ratios, are indicated. 
(a) [2H4]methanol, 0.7 cm3 , 18 h; 309 (31%), 310 (31%), 311 (25%) and starting 
material (12%). 
(13) [2H3]acetonitrile, 0.7 cm 3 , 12 h; 309 (7%), 310 (18%), 311 (36%) and starting 
material (39%). 
(y) isopropyl alcohol, 1.0 cm 3, 16 h; 309 (7%), 310 (12%), 311 (44%) and starting 
material (36%). 
() methanol, 1.6 cm 3 , 7.5 h (1 equivalent of benzophenone added); 309 (39%), 310 
(47%), 311 (5%) and starting material (9%). 
Attempted radical addition of iodomethane 
To a solution of pyrrolizin-3-one 197 (64 mg, 0.5 mmol) and azobisisobutyronitrile 
(a few crystals) in toluene (3 cm 3) was added iodomethane (0.1 cm 3 , 3 equivalents) 
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followed by tributyltin hydride (0.5 cm3 , 3.4 equivalents) and the mixture was heated 
at reflux for 2.5 h. Bulb-to-bulb distillation of the entire reaction mixture gave only 
1 ,2-dihydropyrrolizin-3-one (2 mg, 3%) (data identical with those from an authentic 
sample) before tin residues complicated the distillate. 
112. REACTION WITH THIOPHENOL 
Trans1,2Dihydro1_methOXyCarbOflyl-2-PheflY11hiOPYrrOliZin30ne 315 
To a solution of l-methoxycarbonylpyrrolizin-3-one 202 [from FVP of dimethyl 
pyrrol-2-ylbut-2-enedioate (152 mg, 0.7 mmol), 700 °C, 90 °C, 0.01 Ton, 35 mm] in 
acetone (40 cm 3) at 0 °C was added thiophenol (0.080 cm 3, 0.8 mmol) and the 
solution was allowed to warm up to room temperature. The solution became light 
yellow within 1 h. The solvent was removed under vacuum and dry flash column 
chromatography of the residues gave trans-], 2-dihydro-1 -methoxycarbonyl-2-
phenylthiopyrrolizin-3 -one 315 (92 mg, 44%) as a light yellow solid, mp 68-70 °C 
(from chloroformlhexane) (Found: C, 61.8; H, 4.75; N, 4.85. C 1511 13NO3 S, 0.2 H20 
requires C, 61.95; H, 4.6; N, 4.8%) (Found M, 287.0622. C 15H 13NO3 S requires M, 
287.0616); 6H  7.48-7.53 (2H, m), 7.23-7.31 (311, m), 7.00 (1H, ddd, 3J3.2, 4J 1.0 and 
5J0.7), 6.40 (1H, t, 3J3.2), 6.03 (1H, ddd, 3J3.2, 4J 1.5 and 1.0), 4.74 (lI-I, d, 3J4.3), 
4.12 (1H, ddd, 3J4.3, 4J 1.5 and 5J0.7) and 3.76 (3H, s); 5 C 169.27 (q), 167.94 (q), 
133.79, 132.85 (q), 130.68 (q), 129.14, 128.88, 119.36, 112.51, 106.48, 53.54, 52.98 
and 46.28; m/z 289 (12), 288 (28), 287 (M, 92%), 228 (58), 200 (35), 178 (35), 177 
(100), 150(44), 138 (61), 119 (82), 110 (59), 109 (46), 94(41), 91 (63) and 65(46). 
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NMR tube reactions 
To a sample of the pyrrolizin-3-one in solvent (0.7 cm 3) was added thiophenol (1 
equivalent) and the course of the reaction was followed by 'H NMR spectroscopy 
(see discussion). The pyrrolizin-3-one, solvent and reaction time are indicated. 
{ 1 -methoxycarbonylpyrrolizin-3-one 202 [from FVP of dimethyl pyrrol-
2-ylbut-2-enedioate (34 mg)], [2H]chloroform} No addition of thiophenol was 
observed after 5 h; only dimerisation occurred (See Section B2). 
{I -methoxycarbonylpyrrolizin-3-one 202 [from FVP of dimethyl pyrrol-
2-ylbut-2-enedioate (38 mg)], [2H6]acetone, 3.5 h} Two isomers were formed in a 
ratio 1 : 4; they are respectively trans-1,2-dihydro-1-methoxycarbonyl-2-
phenylthiopyrrolizin-3-one 315 (same data as above) and cis-1,2-dihydro-1-
methoxycarbonyl-2-phenylthiopyrrolizin-3-one 314; 8H (12H6jacetone) 7.45-7.59 (211, 
m), 7.25-7.36 (314, m), 7.13 (1H, d, 3J3.1), 6.54 (1H, t, 3J3.1), 6.18 (1H, m), 4.98 
(1H, d, 3J8.1), 4.78 (111, d, 3J8.1) and 3.73 (3H, s). This ratio was constant for days 
at room temperature in dichloromethane, [2H]chloroform or acetone. Column 
chromatography of the mixture gave only the trans-isomer. 
[2-methoxycarbonylpyrrolizin-3-one 168 (21 mg), [2H6]acetone, < 10 s] 
A 1 H NMR spectrum was recorded within 5 min and showed that trans-], 2-dihydro-
2-methoxycarbonyl-1 -phenylthiopyrrolizin-3-one 312 was formed, bp 170-175 °C 
(0.3 Ton) (Found M, 287.0610. C 15H 13NO3 S requires M, 287.0616); 6H  7.26-7.47 
(5H, m), 6.98 (1H, m), 6.47 (1H, t, 3J3.2), 6.11 (1H, dt, 3J3.2, and 4J 1.2), 5.06 (1H, 
ddd, 3J3.5, 4J 1.2 and J0.5), 4.04 (111, d, 3J3.5) and 3.73 (314, s); 8c 166.93 (q), 
164.12 (q), 137.73 (q), 133.54, 131.59 (q), 129.21, 128.78, 120.08, 112.37, 107.00, 
61.07, 53.18 and 42.28; m/z 287 (Mt, 34%), 218 (25), 179 (31), 178 (92), 177 (61), 
147 (39), 146 (74), 134 (42), 119 (58), 110 (100), 109 (78), 91(36), 90(39), 77(38), 
65 (64), 63(55), 59 (59) and 39 (45). 
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[2-methoxycarbonylpyrrolizin-3-one 168 (20 mg), [2H]chloroform, 12 h] 
Trans-], 2-dihydro-2-methoxycarbonyl-i -phenylthiopyrrolizin-3 -one 312 was formed. 
[7-methoxycarbonylpyrrolizin-3-one 176 (20 mg), [2H6]acetone, 6 h] 
The reaction product was 1, 2-dihydro- 7-methoxycarbonyl-] -phenylthiopyrrolizin-3-
one 313, bp 130-135 °C (0.6 Ton) (Found M, 287.0621. C 15H 13NO3 S requires M, 
287.0616); 6H  7.37-7.15 (514, m), 6.88 (1H, d, 3J3.3), 6.80 (1H, d, 3J3.3), 4.88 (1H, 
dd, 3J7.5 and 1.5), 3.85 (31-I, s), 3.47 (1H, dd, 2J 19.0 and 3J7.5) and 3.05 (1H, dd, 2J 
19.0 and 3J 1.5); & 169.13 (q), 163.47 (q), 144.54 (q), 134.40, 130.86 (q), 129.04, 
128.97, 118.60, 113.25 (q), 112.00, 51.46, 43.31 and 39.02; m/z 287 (M, 88%), 228 
(44), 200 (24), 177 (100), 150 (25), 138 (39), 119 (64), 110 (33) and 91 (39). 
Diphenyl disulphide was also identified on the ' 3C NMR spectrum; 8c 136.88 (q), 
128.91, 127.38 and 127.01. 
1,2-Dihydro-1-phenylthiopyrrolizin-3-one 288 was synthesised in a similar way; 
6H 7.28-7.39 (511, m), 7.00 (1H, d, 3J 3.3), 6.44 (1H, t, 3J 3.3), 6.01 (1H, dd, 3J 3.3 
and 4J 1. 1), 4.74 (111, ddd, 3J 7.7, 2.6 and 4J 1. 1), 3.46 (1H, dd, 2j  18.9 and 3J 7.7) 
and 3.02 (1H, dd, 2J 18.9 and 3J2.6) (in agreement with the literature data 69). 
H3. OXIDATION REACTIONS 
Oxidation with selenium dioxide 
(i) To a solution of 1 ,2-dihydropyrrolizin-3 -one 211 (198 mg, 1.6 mmol) in 
toluene (16 cm3) was added selenium dioxide (0.73 g, 4.5 eq.) and the reaction 
mixture was heated at reflux for 24 h. After cooling the reaction mixture was filtered 
and the solvent was removed under vacuum to yield a mixture of products (168 mg) 
composed of unreacted starting material (42%), 1,2-dihydro-1-hydroxypyrrolizin-3-
one 220 (42%); 8H  6.95 (1H, dd, 3J3.1 and 4J 1. 0), 6.41 (1H, t, 3J3.1), 6.16 (1H, dt, 
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3J3.1 and 4J 1. 0), 5.18 (1H, dd, 3J6.9 and 2.2), 3.30(111, dd, 2J 18.7 and 3J6.9) and 
2.82 (1H, dd, 2J 18.7 and 3J2.2) and pyrrolizin-3-one 197 (16%). 
To a solution of 1,2-dihydropyrrolizin-3-one 211 (107 mg, 0.9 mmol) in 
toluene (9 cm3) was added selenium dioxide (0.45 g, 4.5 eq.) and the reaction 
mixture was heated at reflux for 3 days. The same work-up gave pyrrolizin-3-one 
197 (34 mg, 32%) as the only product. 
To a solution of 7-methylpyrrolizin-3-one 174 (148 mg, 1.1 mmol) in 
chlorobenzene (12 cm 3) was added selenium dioxide (0.70 g, 6.3 mmol) and the 
reaction mixture was heated at reflux for 20 h. After cooling the reaction mixture 
was filtered and the solvent was removed under vacuum. The residues were purified 
by dry flash chromatography to afford 7-formylpyrrolizin-3-one 318 (20 mg, 12%), 
mp 144-145 °C (from hexane) (Found M, 147.0324. C 8H5NO2 requires M, 
147.0320); 6H  9.86 (1H, s), 7.43 (1H, d, 3J 5.9), 6.94 (1H, d, 3J 3.3), 6.44 (1H, d, 3J 
3.3) and 5.95 (1H, dd, 3J5.9 and 6J0.7); 8C 184.47, 164.66 (q), 140.77 (q), 136.96, 
124.80, 123.40 (q), 119.30 and 113.43; m/z 147 (Mt, 100%), 119 (27), 118 (27), 91 
(36), 64 (22), 63 (28), 57 (26) and 43 (22). 
To a solution of l-methylpyrrolizin-3-one 165 (30 mg, 0.2 mmol) in 
hexane (2.5 cm 3) was added selenium oxide (120 mg, 4.8 eq.) and the reaction 
mixture was heated at reflux for 9 h. More selenium dioxide (100 mg) and hexane (2 
cm3) were added, but no change occurred (by t.1.c.) after 6 h at reflux. Hexane was 
removed and toluene (2 cm 3) was added and the reaction mixture was heated at reflux 
for a further 2.5 h, at which point it became black. Filtration and removal of the 
solvent gave a blue residue (1 mg, 3%) tentatively identified as 1-formylpyrrolizin-3-
one 319 from its 1 H NMR spectrum; 8H  9.95(1H, s), 7.23 (111, s), 7.07 (111, d, 3J 
3.3), 6.62 (1H, d, 3J3.3) and 6.19 (1H, t, 3J3.3). 
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Attempted reaction with mCPBA 
To a solution of pyrrolizin-3-one 197 (154 mg, 1.3 mmol) in dichioromethane (1 
cm3) was added a solution of 55% mCPBA (438 mg, 1.4 mmol) in dichloromethane 
(5 cm3) and the mixture was stirred at room temperature for 12 days. The reaction 
mixture was poured into a saturated solution of sodium hydrogen carbonate. The 
organic layer was separated, washed twice with sodium hydrogen carbonate, dried 
(MgSO4) and concentrated to give unreacted pyrrolizin-3-one (46 mg, 30%). 
H4. REDUCTION REACTIONS 
Formation of 1,2,5,7A.Tetrahydropyrrolizin-3-one 322 
To aqueous hydrochloric acid (6 M, 3.4 cm 3) cooled at 0 °C was added zinc dust (< 
10 mm, 1.40 g) with vigorous stirring, followed by 1 ,2-dihydropyrrolizin-3-one 211 
(206 mg, 1.7 mmol) and concentrated hydrochloric acid (2 cm 3). Stirring was 
continued for 5.5 h at 0 °C. The remaining zinc was filtered off through Celite and 
washed with water. At that point crystals on the Celite layer were dissolved in ether 
to give unreacted 1 ,2-dihydropyrrolizin-3-one (24 mg, 12%). To the acidic filtrate 
was added sodium hydroxide in excess. Extraction with dichloromethane yielded 2 
compounds which were separated by dry flash chromatography; 1,2,5,7A-
tetrahydropyrrolizin-3-one 322 (37 mg, 18%); 6H  5.84 (2H, br s), 4.61 (111, m), 4.35 
(1H, dd, 3J 15.9 and V3.0), 3.62 (1H, dd, 3J 15.7 and J4.2), 2.69 (1H, m), 2.22-2.44 
(2H, m) and 1.77 (1H, m); 8 c 177.81 (q), 130.42, 127.98, 67.22, 49.48, 33.85 and 
29.38 (in agreement with literature data ' 76); ,n/z 124 (26), 123 (Mt, 93%), 122 (70), 
94 (33), 80 (44), 68 (93), 67 (100), 55 (92), 41(84), 40 (54) and 39 (75); and 
hexahydropyrrolizin-3-one 1 (19 mg, 9%). 
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Other attempts 
(i) When 1,2-dihydropyrrolizin-3-one 211 was dissolved in methanol prior to 
addition of zinc, hexahydropyrrolizin-3-one was the only reaction product observed. 
(ii). Complex mixtures were obtained from the reduction of pyrrolizin-3-one 
197 in methanol with zinc dust and hydrochloric acid. 
(iii) Using zinc as a dust in a mixture of acetic acid/concentrated 
hydrochloric acid, no reaction was observed from 1 ,2-dihydro-7-
methoxycarbonylpyrrolizin-3 -one 241, while 1 ,2-dihydro-7-methylpyrrolizin-3-one 
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Synthesis and unexpectedly facile dimerisation of 
1-methoxycarbonylpyrrolizin-3-one 
Murray C. Corner, Xavier L. M. Despinoy, Robert 0. Gould, Hamish McNab*  and Simon Parsons 
Department of Chemistry. The University of Edinbu rgh. West Mains Road. Edinburgh. UK EH9 3.1.1 
Flash vacuum pyrolysis of the diethyl esters 2 gives 
2-ethynylpyrrole via the anhydride 7; the corresponding 
dimethyl esters 3 give, under similar conditions, the 
pyrrolizinone 5, which is remarkably unstable and 
spontaneously dimerises to give the [2 + 21 cycloadducts 8 
and 9 whose structures are proved by X-ray 
crystallography. 
Flash vacuum pyrolysis (FVP) of 2-pyrrolylacrylate esters is a 
useful general synthetic route to the pyrrolizin-3-one ring 
system 1 and related aza-analogues (Scheme 1).2  In an 
extension of this work to the synthesis of unknown pyrrol-
izinone I -carboxylic esters, we have now found that the 
appropriate diethyl esters 2 undergo an unprecedented thermal 
degradation to 2-ethynylpyrrole 4. and that although the 
dimethyl esters 3 give the expected 1-methoxycarbonyl-
pyrrolizin-3-one 5 in good yield, this compound is remarkably 
unstable and spontaneously dimerises under mild conditions. 
The diesters 2 and 3 were prepared by the literature method 3 
by reaction of pyrrole with the appropriate acety-
lenedicarboxylic ester, and were purified, if required. by 
chromatography on silica. Pyrolysis of a mixture of the (E)- and 
(Z)-diethyl esters 2 at 700-750°C and 0.001 Torr (I Torr = 
133.322 Pa) gave 2-ethynylpyrrole 4 as the major product, 
identified by comparison with an authentic sample. 4 together 
with a small amount of the parent pyrrolizin-3-one 1. The 
mechanism of the alkyne formation probably involves E—Z 
isomerisation5 of the alkene (if required), with concomitant 
elimination of ethylene from one (or both) of the ester functions 
(Scheme 2). The diacid 6 can dehydrate thermally to the 
anhydride 7, and well precedented 6 cleavage of CO and CO 2 
from the anhydride gives the observed alkyne. The mechanism 
is strongly supported by independent preparation and pyrolysis 
of the maleic acid 6 [prepared by basic hydrolysis of the (Z)-
diester] and of the anhydride 7 (prepared either by dehydration 
or by mild thermolysis of the diacid 6t), both of which lead to 
2-ethynylpyrrole 4 under the same conditions as the diesters 2 
H 
C'\NT - H C~\C,'%C21R 
I 	7 	1 




CO2EI 	 CO2Me 	 CO2Me 
-Y C\N C'\ ?N, CC 2 Et 	CNr, CC 2Me  
(Scheme 2). No significant amounts of the parent pvrrolizinone 
were obtained in either of these reactions, and so it probably 
formed from 2 by the standard route (Scheme I) followed by 
ester elimination and decarboxylation. 
Diversion of the ester elimination process by pyrolysis of 
either the (E)- or (Z)-dimethyl esters 3 at 700°C (0.001 Torr) led 
to quite different results. If the products of the FVP were 
quenched at a low temperature. 1-methoxycarbonylpyrrolizin-
3-one S [Ô H (CDCI S . —20°C) 6.91 (1 H. d). 6.29(1 H. d). 6.21 
(I H. s). 6.02 (1 H. 0  and 3.87(3 H. s)] was obtained as expected 
(Scheme 3). The pyrrolizinone was relatively stable in dilute 
solution at low temperatures. and could be stored for some days 
at —20'C. However, in marked contrast to all other reported 
pyrrolizin-3-ones this compound spontaneously dimerises in 
solution at room temperature within ca. 24 h to give a 66% yield 
(based on 3) of just two isomers in a ratio of 2: I. These 
products were separated by chromatography and shown to be 
symmetrical dimers of the pyrrolizinone by 'H and 13 C NMR 
spectroscopy and by mass spectrometry [OH (CDCI3. major 
isomer) 7.17(2 H, d). 6.54 (2 H. t), 6.37 (2 H. d), 4.03 (2 H. s) 
and 3.57 (6 H, s): 6(CDC13. minor isomer) 6.90 (2 H. d). 6.33 
(2 H. t). 6.13 (2 H. d). 4.36 (2 H. s) and 3.80 (6 H. s)j. These 
dimers are also the major products from the FVP of 3. if no 
CO2Et 	
FVP 	
CN( CO2Et 	 - 
4 H 
0 
CO2Et 	 CO2H 0 
CO2H 
C'X TN H 	C\ INf H1 	N, H 
Scheme 2 
MeO2C 
CO2Me 	 CO2Me 	MeO2C 	
N 
(,\:TN'_ H CO2Me[  C
\N 
	
MeO2C 	 MeO2C 
4 
10 	 9 
Scheme 3 
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special precautions are taken to keep the pyrolysis products 
cold. 
The structures of the major and minor dirners were found by  
X-ray crysrallography to be the trans and cis head-to-head [2 
+ 21 dimers 8 and 9 respectively (Fig. I and Scheme 3). 
Spontaneous dimerisation of this type is unprecedented in 
pyrrolizinone chemistry: pyrrolizinones bearing carboxylic 
ester substituents at the 2-. 5- and 7-positions are known 27 ' 5 and 
are stable. However, captodative olefins. in which a single 
position of an alkene is substituted with both an electron-
withdrawing and an electron-donating group, are well known to 
dimerise, probably via an intermediate stabilised diradical. 9 The 
I-ester substituent and the pyrrole ring, respectively, can act in 
this fashion with respect to the 1,2-double bond of the 
pyrrolizinone structure 5, to give the corresponding diradical 10 
(Scheme 3). In agreement with this mechanism, the dimerisa-
tion of the pyrrolizinone appears to proceed qualitatively at a 







Fig. 1 Thermal ellipsoid plots of the pyrrolizinone dimers 8 and 9 showing 
the crystallographic numbering system. (Thermal ellipsoids are drawn at the 
50% probability level). 
methanol). or in the presence or absence of light. or in the 
presence of an excess of' a radical chain inhibitor (tn-It'll-
huiviphenol). and no trace of head-to-tail dimers were detected. 
Solution thermol sis ofa pure sample of8 at 110 "C in retlitxing 
toluene generates a mixture consisting of the pvrrolizinone S 
and the two dimers 8 and 9. as found for other caplOd;uttve 
alkene dimers. 9 
We are grateful to the SERC for the provision ol' a four-circle 
diffractometer and to Glaxo Wellcome for financial support. 
Footnotes 
All new compounds were characterised by their spectra and by elemental 
analysis or accurate mass measurement. 
± Crystal data for 8: C, 5 H, 4 NO6 . ill = 354.31. monoclinic, P2,1i. a = 
13.129(3). 6 = 9.622(4). e = 12.836(3) A. [3 = 99.28(2)". I = 1600.3 A 
[from 20 values for 40 reflections measured at ±w (28 < 20 < 31 °) 	= 
0.71073 Al. Z = 4. 	= 1.471 g cm -3 . F(000) = 736. T = 298 K. 
u(Mo-K0 ( = 0.112 mm'. Colourless block. 0.56 x 0.39 > 0.36mm. For 
9: C, 5 H, 4 N200 .M = 354.31.triclinic.Pl.a = 9.4414(18).1 , = 9.6252( IS). 
e = 10.0047(15) A. a = 113.228(13) 1. 3 = 95.960(115)°. = 
91)487(16( 0 . V = $29.8 A 3 [from 20 values for 24 reflections measured at 
±oj (30 < 20 < 32°). ?. = 0.71073 A]. Z = 2. = 1.418 e citl'. 
F(000) = 368. T = 298 K. 1t(Mo-Kol = 0.108 mm -1 . Colourless block. 
0.77 > 0.58 x0.39 mm 3 . Both data sets were collected on a Sloe Stadi-4 
four-circle diffractotiieter: data were collected in the range S < 20 < 5(1° 
using w-20 scans. The structures were solved by direct methods'" and 
refined by full-matrix least squares." Hydrogen atoms were placed in 
calculated positions and treated with a riding model during refinement. At 
convergence for 8: RI = 3•41c% [based on F and all 2359 unique data with 
F > 4o(F)I, wR2 = 8.74 (based on F 2 and all 2820 unique data) for 23$ 
parameters; LF max. and mm. were 0.283 and -0.169 eA 3 . respectively. 
For 9: RI = 5.57% [based on 2158 data with F > 4o(F(1. wR2 = I5.64'4 
(based on all 2918 data) for 236 parameters: n F max. and min. were +030 
and -0.29 eA 3 . respectively. Atomic coordinates, bond lengths and 
angles. and thermal parameters have been deposited at the Cambridge 
Crystallographic Data Centre (CCDC). See lnfomtation for Authors. Issue 
No I. Any request to the CCDC for this material should quote thc full 
literature citation and the reference number 182/33. 
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As part of the modelling of the disorder in one thiophene 
ring, both components were restrained to have bond lengths 
and valence angles similar to those in the ordered ring. A 
common isotropic thermal displacement parameter for the C 
atoms of the minor component refined to 0.040 (8) A 2 . 
Data collection: DIF4 (Stoe & Cie. 1992). Cell refinement: 
DIF4. Data reduction: X-RED (Sloe & Cie. 1995). Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro-
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993). 
Molecular graphics: SHELXTUPC (Sheldrick. 1994). Software 
used to prepare material for publication: SHELKL93. 
We thank EPSRC for provision of a four-circle 
diffractometer and for postdoctoral support (to JPD). 
Lists of structure factors, anisotropic displacement parameters. H-
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: HAl 177). Copies may be obtained through The 
Managing Editor. International Union of Crystallography. 5 Abbey 
Square, Chester CHI 2HU, England. 
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An Unusual 3H-Pyrrole at 150 K 
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Abstract 
Most pyrroles are observed to form the 1H-tautomer; 
here we report the structure of a rare example 
of a 3H-pyrrole, tnmethyl 6-oxo-5,5a, lOb,lOc-tetra- 
© 1996 International Union of Crystallography 
Printed in Great Britain - all rights reserved 
hydro-3H-pyrrolizino[ I . 2-e}indole-4.5. I Ob-tricarboxyl-
ate. C 1 9H 18 N 2 07 . The molecules pack as dimers linked 
via bifurcated hydrogen bonds. 
Comment 
As part of our studies of the unusual properties 
of 1 -methoxycarbonylpyrrolizin-3-one. (1), obtained 
by flash vacuum pyrolysis of the vinylpyrroles, (2) 
(Corner, Despinoy, Gould, McNab & Parsons, 1996). we 
adventitiously obtained a single crystal of (3), which is 
formally a [4 + 2] cycloadduct of (1) and (2). Here we 
report details of the structure of (3) which is of interest 
in view of the unusual tautomeric form of the pyrrole 
unit, and because of the boat conformation of the central 
cyclohexene ring. 
CO,Me 	 CO,Me 	 H 	
NH 
COMe M eO,C, / ' '-CO ,Me 
	
- y 
C H 	 O., Me 
0 H - 
(2a) E isomer 	o 
(I) 	
(2b) Z isomer (3) 
MeO2C 	
CO2Me 	 t3H3 
NC 
.'CO,Me 
'CO,Me 	 Et 
H,N I 
Ph 	 H CO,Me 	 H CO,Me 
(4) 	 (5) 	 (6) 
N 	aX 	'N'i 
I 	I 	 I 
HOOE t 	 HO.OM 	 HOOMC 
(7) 	 (8) 
Compound (3) is composed of a 3H-pyrrole unit 
and a dihydropyrrolizinone unit linked via a cyclo-
hexene ring in the boat conformation (Cremer-Pople 
puckering parameters 0 = 88.3°, Ip = 305.5°; Spek. 
1995); ester substituents are located on Cl, C13 and C14 
(Fig. 1). The formulation of the 3H-pyrrole substructure 
was based on H-atom positions derived from electron 
density difference maps and supported by examination 
of the bond lengths. Thus the bond length C8-C12 
[1.515(7)A] is much longer than anticipated for a 
typical pyrrole a-/3 double bond [1.375(18)A; Allen 
et al., 1987], and the sum of the angles at C8 (331.0') 
is clearly inconsistent with the normal 1H-pyrrole 
tautomer. There is little structural precedent for a pyrrole 
of this type in the literature; the spiro compound (4) is 
3,3-disubstituted and encumbered by polar substituents 
(Kildea, Hiller, Frey & Eger, 1990). Other 3H-pyrrole 
structures have endocyclic N l==C2 double bonds (van 
Meersche, Gilson, Germain & Declercq, 1981; Chiu. Lai 
& Sammes, 1990). A range of indole alkaloid skeletons, 
Acta Cr.'stallographica Sectun C 
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exemplified by (5) and (6). have been structurally 
investigated and are tautomerically similar to (3) (Wang 
& Paul. 1977: Palrnisano & Pilati. 1993). though again 
they are disubstituted in the 3 position. 
The pvrrole N-H in 3 forms a bifurcated hydro-
gen bond (Fig. 2) to OlE" and a centrosymmetricallv 
related OlE" atom in a neighbouring molecule (at 
-x. 2 - v.-z): the N . .0 distances are 2.800(5) and 
2.964 (5) A. respectively. This intermolecular interaction 
is predictably the dominant feature in the packing of (3). 
while the intramolecular hydrogen bond closes a six-
membered ring, with the entire C9-CIO--Nl i-C 12-
C13-C1E"-OlE" unit planar to within 0.098A. A 
similar hydrogen-bonded motif is observed in (5)-(7). 
The stability of this substructure is presumably partly 
responsible for the observation of the unusual tautomer 
in (3), though it is noteworthy that there is no evidence 
for the 3H tautomer in the proton NMR spectrum of 
the pyrrole-2-acetic acid esters (8) (Falling & Rapoport. 
1980). 
The trans disposition of the ester functions in (3) at 
Cl and C14 is consistent with the compound having 
been formed by a concerted cycloaddition of the E ester 
(2a) (the 4- component) and the pyrrolizinone (I) (as 
the. 2i component). 
Fig. I. A view of (3) with atom-numbering scheme. Displacement 
ellipsoids enclose 50 probability surfaces. 
Compounds (3). (5) and (6) contain an electronically 
modified enaminoester sub-unit. exemplified by Nll-
C12-C13-CIE"-OlE" in (3). which is also found 
in the pyrrolidine derivative (7) (Phi loche -Levi sal les. 
Bois, Célérier & Lhommet. 1982). The effe't of strong 
delocalization of the Nil lone pair in (3) through to 
the ester at C13 is reflected in the much shorter bond 
length ofNl l-C12 [1.349(6)A] compared with ClO-
Nil [1.408(6) A].  This trend is found to a greater 
extent in (7), in which the corresponding distances are 
1.313(4) and l.466(5)A, which implies that in (3) 
some delocalization of the Nil lone pair into the en-
amine Nll-Cl0--C9 system can also take place. In the 
indole derivatives (5) and (6), the effect of competition 
for the nitrogen lone pair between the enaminoester and 
the aromatic ring sub-structures causes the C-N bond 
within the former to be lengthened to 1.376(5) and 
1.385 (3) A in (5) and (6), respectively. The carbonyl 
group CIE"-OlE" in (3) obtains electron density from 
the N  I atom and, in consequence, the adjacent CLE"-
02E" bond length of 1.360 (6) A is slightly longer than 
corresponding values for CIE'-02E' and CIE--02E 
[1.336 (6) and 1.335 (6) A, respectively] within the other 
electronically isolated ester units. Other bond lengths 
in the enaminoester moieties of (3) and (5)-(7) are 
relatively unaffected by the electronic environment of 
the N atom. 
Fig. 2. Bifurcating hydrogen-bond formation in (3). 
Experimental 
Compound (3) was obtained by flash vacuum pyrolysis of (2) 
at 973 K 00 Ton) followed by dry flash chromatography on 
silica after the expected dimerization was complete (Corner et 
al.. 1996). The crystal of (3) was selected from the fraction 
which was predominantly the cis [2 + 21 dimer of (i) after 
slow recrystallization from isopropyl alcohol. 
Crystal data 
C 19 H 15 N2 07 Mo Ka radiation 
M, = 386.35 = 0.71073 A 
Triclinic Cell parameters from 25 
P1 reflections 
a = 9.027 (5) i. 0 = 12.5-15' 
b = 10.945(5)A p=0.113nim' 
c= 10.913(5)A T= 150.0(2)K 
a = 112.790(5)° Column 
8 = 99.240(5)° 0.78 x 0.31 x 0.23 mm 
-y = 109.720(5)° Colourless 
V= 881.5 (8) A 3 
Z= 2 
= 1.456 Mg m 3 





Stoe Stadi-4 four-circle 	 = 22.52 0 
diffractometer 	 h = -9 -* 9 
scans 	 k = -11 - 10 
Absorption correction: 	/ = 0 -. 11 
none 	 3 standard reflections 
2304 measured reflections 	frequency: 60 mm 
2304 independent reflections intensity decay: 3% 
1500 observed reflections 
[1> 2cr(1)] 
Refinement 
Refinement on F2 	 Apmax = 0.37 e A 3 
R[F2 > 27(F2 )] = 0.0698 	zlp.in = - 0.39 e A 3 
wR(F2 ) = 0.1979 	 Extinction correction: 
S = 1.024 	 SHELKTIJPC (Sheidrick, 
2292 reflections 	 1995) 
254 parameters Extinction coefficient: 
H-atom parameters 	not 0.007(5) 
refined 	 Atomic scattering factors 
w = 11[0,2 (F,) + (0.1280P)2 J 	from International Tables 
	
where P = (F + 	2F )13 for Crystallography (1992, 
(/a),., = -0.001 Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 
Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2 ) 
Ueq = (I13)E 1 E1 Ua,aa 1 .a1 . 
X 	 v 	 Z 	 Ueq 
Cl 	0.1883(6) 	0.7429(5) 	0.3142(5) 	0.0181 (12) 
C2 0.2000(6) 0.6344(5) 0.1749(5) 0.0158 (12> 
C3 	0.3194(6) 	0.5782(6) 	0.2199(5) 	0.0201 (12) 
03 0.3592(5) 0.4891 (4) 0.1452(4) 0.0276(10) 
N4 	0.3712(5) 	0.6435 (5) 	0.3660(4) 	0.0230(11) 
CS 0.4731 (7) 0.6359)6) 0.4691 (6) 0.0285 (14) 
C6 	0.4680(7) 	0.7255(6) 	0.5932(6) 	0.0330(15) 
C7 0.3600(7) 0.7895(6) 0.5680)5) 0.0256(13) 
C7a 	0.3033(6) 	0.7391 (5) 	0.4272(5) 	0.0187(12) 
C8 0.2436(7) 0.9006)5) 0.3286(5) 0.019002) 
C9 	0.1918(7) 	1.0033(5) 	0.4273 (5) 	0.022203) 
CIO 0.1149(7) 1.0533(6) 0.3594(5) 0.0264(13) 
NIl 	0.1022(5) 	0.9896(5) 	0.2163(4) 	0.0219(11) 
C12 0.1686(6) 0.8925(5) 0.1895(5) 0.0160(12) 
03 	0.1653(6) 	0.7934(5) 	0.0654)5) 	0.0152(12) 
C14 0.2467(6) 0.6951 (5) 0.0727(5) 0.0173(12) 
CIE 	0.0132(7) 	0.6931 (5) 	0.3214 (5) 	0.0192(12) 
01 E -0.0222(5) 0.6900)4) 0.4229(4) 0.0285 (10) 
02E 	-0.0996(4) 	0.6577(4) 	0.2028(3) 	0.0227 (9) 
C3E -0.2695(7) 0.6165(6) 0.2029(6) 0.0298 (14) 
CIE' 	0.4328(7) 	0.7792(6) 	0.1120)5) 	0.0213(13) 
UI E' 0.5343 (5) 0.8372(4) 0.2285(4) 0.0274(10) 
02E' 	0.4739(5) 	0.7862(4) 	0.0018(4) 	0.0356(11) 
C3E' 0.6474(8) 0.8701 (8) 0.0279(7) 0.050(2) 
CIE" 	0.0791(6) 	0.7785(5) 	-0.0665(5) 	0.0188 (12) 
OlE" 0.0210(5) 0.8616(4) -0.0772(3) 0.0245(9) 
02E" 	0.0625 (5) 	0.6590(4) 	-0.1818(3) 	0.0251 (9) 
C3E" -0.0149(8) 0.6455(6) -0.3165(5) 0.032(2) 
Table 2. Geometric parameters (A, 0) 
Cl-C7a 	 1.503(7) 	ClO-NI I 	 1.408(6) 
C1-CIE .515(7) NIl-C12 1.349(6) 
CI-C8 	 1.56](7) 	C12-C13 	 1.355(7) 
CI-C2 1.572(6) C13-CIE" .442 (7) 
C2-C3 	 1.515(7) 	C13-C14 	 1.511 (7) 
C2-C14 1.549(7) C14-CIE' 1.508(7) 
C3-03 	 1.208(6) 	CIE-01E 	 1.211(6) 
C3-N4 1.387(7) CIE-02E 1.335(6) 
N4-05 	 1.383(7) 	02E-C3E 	 1.445(6) 
N4-C7a 	 (.393)t) 	C!E'-OIE' 	 1.211 
CS-Co I.349 CIE'-02E' I.336U 
C6-C7 	 !.429)8) 	02E'-C3E' 	 1 .436)7 
C7-C7a 1.352(7) CIE"-OIE" (.225 (6) 
C8-C9 	 I.4907) 	CIE"-02E" 	 .360(6) 
C8-Cl 2 1.515(7) 02E"-C3E" 1.450)6) 
C9-C10 	 1.3180) 
C7a-CI-CIE 	110.3)4) 	CIO-C9-C8 	 109.30) 
C7a-Cl---C8 112.7(4) C9-CI0---N1 I 110.7(5) 
CIE-Cl--C8 	 107.0)4) 	Cl2-NI 1-ClO 	110.1(4) 
C7a-CI--C2 102.8)4) NI l-C12--CI3 130.5(5) 
CIE-C1-C2 	112.9(4) 	NI I-C12-C8 	107.40) 
C8-CI-C2 111.3(4) C13-C12-C8 121.9)4) 
C3-C2--CI4 	 112.3)4) 	CI 2-C13--CIE' 	120.7(4) 
C3-C2--CI 106.3(4) C12-03---04 116.8)4) 
C 14.-C2--CI 	 116.8(4) 	CIE"-C13--C14 	122.4(4) 
03-C3-N4 125.1 (5) CIE'-CI4---C13 108.9(4) 
03-C3---C2 	 127.8 (5) 	CIE'-C14--C2 	112.50) 
N4-C3--C2 107.1 (4) C13-C14---C2 111.7(4) 
C5-N4---C3 	 135.9(5) 	OlE-CIE-02E 	123.2(5) 
C5-N4--C7a 110.2(4) OIE-CIE--CI 125.1 (5) 
C3-N4--C7a 	 113.9(4) 	02E-CIE--.CI 	111.7(4) 
C6-05-N4 I06.I(5) CIE-02E---C3E 115.60) 
C5-C6---C7 	 09.4(5) 	OIE'-CIE'--.02E' 	123.1 (5) 
C7a-C7---C6 107.2 (5) 0IE'-CIE'-CI4 125.4)4) 
C7-C7a-N4 	 107.1 (4) 	02E'-CIE'---C14 	111.4)4) 
C7-C7a--C I 142.9(5) CI E'-.-02C--C3E' 116.6(4) 
N4-C7a---Cl 	 109.9)4) 	OIE"-CIE"--02E" 121.7(4) 
C9-C8--C12 102.20) OIE"-CIE"--CI3 	124.6)4) 
C9-C8-CI 	 118.1)4) 	02E"-CIE"-C]3 113.7)4) 
C12-C8--Cl 110.7)4) CIE"-02E"--C3E" 	115.1(4) 
Data collection: DIF4 (Sloe & Cie. 1990). Cell refinement: 
DIF4. Data reduction: XRED (Sloe & Cie, 1995). Program(s) 
used to solve structure: S1R92 (Altomare et al.. 1994). 
Program(s) used to refine structure: SHELXTUPC (Sheidrick. 
1995). Molecular graphics: SHELXTL/PC. Software used to 
prepare material for publication: SHELXTIJPC. 
We thank the EPSRC for provision of a four-
circle diffractometer, and Glaxo-Wellcome for financial 
support. 
Lists of structure factors, anisotropic displacement paramelers. H-
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU 1270). Copies may be obtained through The 
Managing Editor, International Union of Crystallography. 5 Abbey 
Square. Chester CHI 2HU, England. 
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lishes that this comnound has structure (3) in which the 
new stereogenic centre C(S) has the R-coniiguration. and 
that the minor isomer has the 55 structure (4). 
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Abstract 
The present structure determination of (5R)-542,3-0-
isopropylidene- 1 -O-methyl-.i - D-lvxo-tetrafuranos-4-yl )- 
3-(2.3,4-tri-O-acetyl-.3-o-xvlopyranos-2-yl )-4,5-dihydrO-
isoxazole, CaaH 1 NO 1 2. at 150K. taken with the known 
absolute configurations of the starting alkene and the 
nitrite oxide precursor, establishes the configuration 
R) of the new stereoenic centre C(S) in the title 
compound, the major cvcloadduct. The five-membered 
4.5-dihydroisoxazole ring adopts a mainly envelope 
conformation folded between 0(5) and 0(6). whereas 
the furanoside and dioxolane rings lie between twist and 
envelope. The xylopyranosyl ring adopts a near ideal 
chair conformation. 
Comment 
As part of a programme aimed at developing a synthetic 
route to carbon-linked disaccharides (C-disaccharides) 
(Levy & Tang, 1995) based on nitrite oxide/isoxazoline 
chemistry (Kanemasa & Tsuge, 1990, and references 
therein), we have investigated the reaction of o-xyl-
ose-derived nitrite oxide, (1), with D-mannose-denved 
alkene, (2) (see Scheme). Two diastereomenc 4,5-di-
hydroisoxazole cycloadducts, (3) and (4), were formed 
in the ratio 82:18 in a combined yield of 67%. The 
major product provided crystals suitable for X-ray crys-
tallography. Taken with the known absolute configura-
tions of the starting alkene (Bock & Petersen, 1977) and 
the nitrite oxide precursor (Förtsch, Kogelberg & Köll, 
1987), the present structure determination firmly estab- 
© 1996 International Union of Crystallography 






The Cremer-Pople puckering parameters (Cremer & 
Pople. 1975: Gould, Taylor & Thorpe. 1995) for the four 
rings are given in Table 2. The five-membered dihydro-
isoxazole ring adopts a mainly envelope conformation 
(E5. corresponding to an ideal value of = 324°) with 
the fold between 0(5) and C(6): the torsion angle for 
the 0(5)—N(7)=C(7)—C(6) unit is 0.8 (5) 0 with C(5) 
lying 0.19 A out of the best plane through these atoms. 
For the furanoside ring. = 6.6° indicating that it is 
intermediate between envelope ((,. = 0° ) and twist (; = 
18 0 ). Likewise, the conformation of the dioxolane lies 
between twist ( = 18 ° ). and envelope ( = 36°). The 
9 value for the pyranoid ring (3.4°) indicates that it 
is very close to the ideal chair 'C l with 9 = 0°. No 
anomalies are found in the bond lengths and angles. 
The crystal structure consists of layers of molecules 
of (3): there appear to be no significant interactions 
between the layers, and only rather weak intermolecular 
C—H ... 0 interactions [minimum and maximum C- - .0 
distances 3.261 (6) and 3.467 (6) A, respectively] within 
the layers. 
Otiii( 	 ,-cooxt 
0(11)Cc((,' I) 	 jc(6( 
C( iO2) ° 0(10) (E(9)c( 
IV 0(9)"t&9i( N(7) 
,.Ja) 
0(1011 9!) 
Fig. I. A view of (3) with the atom-numbering scheme. Displacement 
ellipsoids enclose 50% probability surfaces and I-I atoms are shown 
as spheres of arbitrary radius. 
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Monosubstituted pyrrolizin-3-ones 1 with substitUentS at the 1-, 5-, 6- or 7-positions are prepared in 
excellent yield by flash vacuum pyrolysis (FVP) of appropriate Meldrum's acid derivatives 2. The 
mechanism involves formation of the p yrrol2ylmethylidefleketefle 29, which can also be generated 
thermally from 3_(pyrrol_2-yl)ProPeflOate esters (e.g. 30). This alternative route has been used to make a 
range of 2-substituted pyrrolizin-3-ones, again in excellent yield. The 3
oxo 3H.pyrroliZifle2CarbOXy11C 
acid 42 could not be made in this way owing to facile decarboxylation to pyrrolizinone 1, and extension to 
the formation of the azaazulenone 48 was again unsuccessful. 
Some years ago we reported a simple and efficient synthesis of 
pyrroliziri-3-one 1 by flash vacuum pyrolysis (FVP) of the con-
densation product 2 of pyrrole-2-carbaldehYde and Meldrum's 
acid.' Later, we applied this methodology to the crystalline 




graphic data for this ring system.' The Meldrum's acid route 
was also used to make certain azapyrrolizinone ring systems for 
the first time,' and their NMR spectra have been discussed in 
detail." Since pyrrolizinones remain relatively unexplored in the 
literature,' we now report a more extensive study of the scope 
and mechanism of this synthetic route from which a comple-
mentary pyrolytic synthesis via pyrrolylpropenoic esters has 
evolved.' Our corresponding work on the azapyrrolizinones is 
discussed in the accompanying paper.' 
Two routes to the key Meldrum's acid precursors were 
















Scheme I Reagents and conditions. i. piperidinium acetate. toluene, 
20 °C; ii. acetonitrile, 20 °C 
using piperidinium acetate catalyst 8 in toluene at room tem-
perature (Scheme I, route a) works well if the appropriate 
pyrrole-2-carbaldehyde is readily available. Thus, we have used 
the photochemical ring contraction of 4-substituted pyridine 
N-oxides'" to prepare a range of 3-substituted pyrrole-2-
carbaldehydes 5-7 containing electron donating and electron 
Et2 
_L.. 	 Me 
OC 
N 	




H 	 H 
5 R3 = Me  
6 R3 =OMe 
7 R3 = CO2 Me 
OJJH 	 O OH 
Me 
10 R= Me, R4 =RH 	 18 
11 R=OMe.R=R'=H 
12 R3 = CO2Me. R4 = R3 = H 
13 R=R=H.R'=CO2Et 
14 R 3 = R4 = H, R'= Me 
15 R=R=H.R'Ph 
16 R'= Ph. R 4 = R5 = H 
17 R3 =R'=H.R4 =Ph 
withdrawing groups, and we prepared ethyl 5-formylpyrrole-2-
carboxylate 8 by Vilsmeier formylation of the ester using a 
literature method.' 2  Yields for the Meldrum's acid conden-
sation to give the derivatives 10-13 were in the range 62-98%. 
Condensation of Meldrum's acid with 2-acetylpyrrole 9 was 
achieved by the titanium tetrachloride method" though the 
yield of 18 obtained in this way was consistently lower than for 
the aldehyde reactions (57%). 
We have also reported a direct route to 2 by reaction of 
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pyrrole itself with methoxymethylidene Meldrum's acid 4,14 
which should in effect bypass a formylation step if. the simple 
pyrrole is available (Scheme I, route b). Indeed 2-methyl-
pyrrole' 5 and 2-phenylpyrrole " gave the 5-substituted pyrrol-2-
yl derivatives 14 and 15 respectively under mild conditions in 
60-70% yield with total regioselectivity. Surprisingly. 3-phenyl-
pyrrole 16  gave the 3-phenyl- and 4-phenyl-pyrrol-2-yl deriv-
atives 16 and 17 respectively in almost equal amount. Presum-
ably any acceleration due to the electronic stabilisation of the 
intermediate en route to 16 afforded by the phenyl group is 
balanced by retardation due to its steric effect. Compounds 16 
and 17 were only partially separable by crystallisation, though 
the pyrrolizinones derived therefrom could be more readily 
purified (see below). 
The Meidrum's acid derivatives showed characteristic 
features in their spectra. Where present, the N-H signal in the 
'H NMR spectra in [ 2H]chloroform occurred at particularly 
high frequency (H  12-13), consistent with strong hydrogen 
bonding to one of the carbonyl groups (see below). The 5-
methylidene proton resonates at  6H  8.0-8.3, except in the case of 
the 3-carboxylic ester 12 where the adjacent substituent causes 
a further deshielding of Ca. 1 ppm. The 'C NMR spectra show 
quaternary signals in the range bc 103-105 due to C(2) of the 
Meidrum's acid ring, but the corresponding signal for C(5) 
occurs over a much wider range (6c 95-106). As expected, elec-
tron donating groups (e.g. 3-methoxy) on the pyrrole cause this 
peak to shift to the low frequency part of the range, and elec-
tron withdrawing groups (e.g. 3- or 5-carboxylic esters) have the 
opposite effect. The carbonyl signals due to C(4) and C(6) 
would be expected to occur at different chemical shifts owing to 
the hydrogen bonding mentioned above but if [ 2 H]chloroform is 
used as the solvent only one signal is normally present at room 
temperature. The expected two signals are often observed in 
hydrogen bond acceptor solvents such as [ 2H6]acetone or 
DMSO. The 5-methylidene carbon signal is found over a wide 
range, centred around 6 c 140. In some examples this peak is 
broad, indicating that exchange processes may be operating 
such as those found in dialkylaminomethylidene Meldrum's 
acid derivatives. 17 
Flash vacuum pyrolysis of the Meldrum's acid derivatives 
10-15 and 18 at Ca. 600°C (10_2_l0_3  Torr) gave the pyrrolizin-
3-ones 19-25 in excellent yield (typically 70-90%) and in high 
purity (Scheme 2). The thermolysis conditions are therefore tol- 
o'o 	 R 7 	R' 
0tj,H . R6 ---::iii 
R 	0 
19 R 7  =Me 
20 R7 =OMe 
21 R7 =CO2 Me 
22 R5 = CO2EI 
(Where unspecified. R" = H) 	23 R' = Me 
24 R = Me 
25 R5 = Ph 
26 R6 =Ph 
27 R7 = Ph 
Scheme 2 Reagents and conditions: i. FVP (600°C. 0.001 Torr) 
erant to the presence of electron withdrawing or electron donat-
ing groups at various positions in the pyrrole ring, or the pres-
ence of an alkyl group in the exocyclic methylidene position. 
Pyrolysis of the mixture 16 and 17 gave a mixture of 6- and 7-
phenylpyrrolizin-3-ones 26 and 27 respectively (84 1X, in total) 
which were separated by recrystallisation from n-hexane. The 
less soluble fraction was identified as the 6-phenyl isomer 26 on 
the basis of the small coupling constant 4J57 (0.8 Hz) linking 
the two protons in the left-hand' ring. The coupling constant 
relating the protons in the corresponding ring of the 7-phenyl 
isomer 27 ( 3J56) is 3.3 Hz. All of the pyrrol izin-3 -ones have 
intense orange-red colours and were characterised by their 
NMR spectra (see below). This methodology can therefore be 
applied to 1-substituted (23), 5-substituted (22, 24 and 25). 
6-substituted (3 and 26) and 7-substituted (19-21 and 27) 
pyrrolizinones with equal efficiency. 
The most likely mechanism for the thermolysis is shown in 
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Scheme 3 
acterised as the key intermediates in the pyrolysis of Meldrum's 
acid derivatives,' 8 and a [1,7] hydrogen shift involving the pyr-
role NH generates the pyrrol-2-ylmethylideneketene 29 which is 
the immediate precursor of the pyrrolizinone by an electro-
cyclic ring closure. This mechanism is supported by a deuterium 
labelling experiment which confirms that the NH of the pre-
cursor appears exclusively at the 2-position of the pyrrolizinone 
product (Scheme 3, H = 2H). Due to the high efficiency of the 
hydrogen atom as a migrating group in sigmatropic shifts it is 
unlikely that this route will be applicable in general for the 
preparation of 2-substituted pyrrolizin-3-ones. Indeed, we 
have shown in the corresponding indole series that N-alkylated 
precursors lead to quite different products.' 9 
Nevertheless, it is clear from the mechanism (Scheme 3, route 
a) that the methylideneketene merely serves as a route to the 
ketene 29, and so we explored more direct routes to this inter-
mediate. Chuche and co-workers have shown that related 




alcohols from enamino esters," and, in a straightforward exten-
sion of this methodology it was easy to show that pyrrolizin-3-
one 1 itself was readily formed (87%) by pyrolysis of the (E)-
propenoate ester 3O 2l2 at 850 °C (Scheme 3, route b). We have 
demonstrated in a related example that the particularly high 
furnace temperature is required for E-Z isomerisation 23 of the 
propenoate precursor prior to the elimination step,' but the 
stability of the pyrrolizin-3-one system is noteworthy and these 
extreme conditions do not detract from the synthetic utility of 
the method. Indeed the ability to utilise either (E)- or (Z)-
propenoates or a mixture of these isomers is a particularly 
attractive feature of the route. 
The synthetic potential of this new method is demonstrated 
2196 	J Chem. Soc., Perkin Trans. 1, 1997 
by synthesis and pyrolysis of a range of 2-substituted 3-(pyrrol-
2-yl)propenoates to give pyrrolizinoneS. many of which cannot 
be made by the Meldrum's acid route. Thus pyrrole-2-
carbaldehyde was transformed into the parent propenoate 30 
and its 2-methyl derivative 32 by the Wittig reaction. 2122  and 
CN`:~_R2  
CO2R' 	 0 H 	
R2 
32 R'=  Et . R2=Me 	 37 R 2 =Me 
33 R' = Me. R 2  = CO2Me 	 38 R 2 = CO 2 Me 
34 R' = Ft. R 2  = CO2Et 	 39 R 2 = CO2 EI 
35 R' = Me. R 2 = COMe 	 40 Ft 2 = COMe 
36 R'= Me. R2=CN 	 41 R=CN 
42 R 2 =CO2H 
into the 2-functionalised derivatives 33-36 by Knoevenagel 
condensation under similar conditions to those employed for 
the Meldrum's acid derivatives. Pyrolysis of these propenoates 
all gave the expected pyrrolizinones 37-41 in Ca. 80% yield, 
though the furnace temperature had to be carefully optimised 
for the best results. Thus the 2-methyl derivative 32 and the 
cyano compound 36 required furnace temperatures of 800 °C 
or above for complete conversion to the products 37 and 41 
respectively. No deleterious results were observed by the use of 
the ethyl ester 32 which might be expected to eliminate ethene 
under these pyrolysis conditions. In contrast, pyrolysis of the 
malonate derivatives 33 and 34 requires furnace temperatures 
of only 600-650 °C to generate the pyrrolizinones 38 and 39, 
since one of the ester groups is necessarily in the correct con-
figuration for the alcohol elimination. Surprisingly, the acetyl 
compound 35. which is obtained as a mixture of isomers in 5:2 
ratio, was transformed to the product 40 in 76% yield at just 
650 °C, which suggests that E-Z isomerisation is particularly 
facile for this compound. 
Further insight into the p yroliz i n 3one_pyrrol2ylmethyl 
ideneketene equilibrium is provided by an analysis of the results 
of the pyrolysis of the diethyl malonate derivative 34 at various 
temperatures. Even at 600 °C. a small amount (6 0/o) of 
pyrrolizin-3-one I was detected along with the 2-carboxylic 
ester 39 as major product. whereas at 750 °C the level of 1 had 
increased to 91%. No other pyrrolizinones could be detected at 
these, or at intermediate temperatures, and in particular the 
known carboxylic acid 42 24 was absent. Repyrolysis of the iso-
lated 3oxo3Hpyrrolizine.2CarbOxylic ester 39 at temper -
atures in the range 650-750'C gave similar results. Although 
the thermal cis elimination of ethene from ethyl esters is expected 
at such pyrolysis temperatures, the quantitative decarboxylation 
of an apparently unactivated carboxylic acid function does not 
normally occur under our conditions at temperatures below 
850 °C. The most reasonable explanation is that the pyrroliz-
inone is in equilibrium with a corresponding pyrrol-2-
y1methylideneketene 43 and this function can participate in a 
concerted CO2  elimination sequence as soon as the carboxylic 
acid is generated (Scheme 4). The surprising observation—
particularly in view of the high thermal stability of the 
pyrrolizinones—is that this equilibrium must be already in 
place at temperatures of 650 °C and below for the decarboxyl-
ation to take place. We have reached similar conclusions in 
work on the decarboxylation of a-pyrone derivatives such as 
coumalic acid .21 
The NMR spectra of pyrrolizin-3-one itself has been studied 
previously," but with the availability of the range of derivatives 
reported here the effects of substituents can now be investi-
gated. If the 'H NMR spectra are recorded with good reso-
lution, the minor long range coupling constants expected from 
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teristic 6J26  of Ca. 0.8 Hz was often useful in assigning reson-
ances. The majority of the spectra could therefore be assigned 
by inspection, though the 1-methyl compound 23 required a 
high field instrument (at least 360 MHz) for a first order spec-
trum to be obtained. Methyl substitution in general induces a 
small shielding effect at the adjacent position in both 'H and 
31 C NMR spectra, but has relatively little effect at other sites of 
the molecule. A 4J of Ca. 1.7 Hz is observed between protons on 
a I- or 2-methyl group and the proton at the adjacent site, but 
such coupling is much smaller in magnitude when the substit-
uent is at the 5- or 7-positions. The 7-methoxy substituent in 20 
also has only a small influence on most 'H and ' 3C NMR chem-
ical shifts, though C(7a) is shielded by Ca. 19 ppm by com-
parison with the parent compound 1. 
A 5-, 6- or 7-phenyl substituent deshields adjacent protons by 
up to 0.4 ppm (compounds 25-27); this is almost certainly a 
ring current effect since these substituents have very little influ-
ence on the ' 3C NMR spectra. The chemical shifts of the para 
carbon atoms of the phenyl rings are sensitive probes of the 
electronic nature of the pyrrolizinone ring. Those of the 6-
phenyl (6c 126.90) and 7-phenyl (S c 127.99) are both at a lower 
frequency than the corresponding meta carbon signal, indicat-
ing that the pyrrolizinone ring acts as a net electron donating 
group at these sites. In contrast, the signal for the para carbon 
atom of the 5-phenyl compound 25 (öc 128.60) is slightly 
deshielded relative to the meta carbon signal which suggests 
that the pyrrolizinone ring is a net electron withdrawing group 
at the 5-position. The effect is, however, much smaller than for 
the corresponding phenyl group of the azapyrrolizinone 
447 
and may be too insignificant to be relevant to chemical reactiv-
ity (e.g. electrophilic substitution reactions). 
Me 	 oo 
N 	
oLTO 	N 
Ph 0 1 	 CO2 Me 
44 	 45 	
NJ 
46 
1 11 I	C'N 
47 	 48 
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Table I 1JCH  Values for representative pyrrolizin-3-ones 
'J,,/Hz  
Pyrrolizinone Substituent I 2 5 6 7 Alkyl 
- 176.3 181.8 192.1 174.8 175.0 - 
23 I-Me - 179.2 192.4 173.8 174.3 128.9 
37 2-Me 174.6 - 192.2 173.6 174.8 128.5 
24 5-Me 175.2 181.6 - 172.1 174.4 129.4 
19 7-Me 174.9 179.4 191.8 172.1 - 128.0 
41 2-CN 181.5 - 194.9 179.7 177.2 - 
22 5-0O2 Et 178.7 182.8 - 177.0 177.7 147.8. 127.4 
Table 2 	°JCH Values for representative pyrrolizin-3-ones 
°JCH a/Hz 
Substituent 1.2 	2.1 3.2 3,1 5,6 5.7 6.5 6.7 7.6 7.5 
- 3.0 	- 7.6 11.8 7.6 7.6 7.8 4.5 4.7 7.6 
23 I-Me 6.4 5.5 8.3 - 7.7 7.7 8.0 4.3 4.8 7.6 
37 2-Me 6.1 	7.8 - - 7.7 7.7 7.9 5.1 7.5 7.5 
24 5-Me - 	 - - - - 7.8 - 4.5 4.5 - 
19 7-Me - 	 - - - 8.2 
- < 5b - - 
41 2-CN - 	 4.1 - 10.6 7.8 7.8 6.7 3.6 4.1 7.6 
22 5-0O2 Et - 	 - 7.6 13.0 7.8 7.8 - 4.2 4.0 - 
Couplings of bridgehead quaternary carbon C(7a) are not readily identified. ' Resonance complicated by coupling of C nucleus to methyl carbon. 
An ester substituent at positions 2, 5 or 7 (in 38, 22 and 21 
respectively) causes a general deshielding effect on the proton 
resonances of the other sites; 2-acetyl or 2-cyano groups (in 40 
and 41) have very similar effects. The situation in the ' 3C NMR 
spectra of these compounds is more complex. For the com-
pounds containing electron withdrawing groups at the 2-
position (38,40 and 41)signals due to positions 1,5,6 and 7 are 
deshielded as expected, but the quaternaries at C3 and C7a are 
both shielded by 3-6 ppm. 
Proton-carbon coupling constants CH have been meacured 
for a representative series of substituted pyrrolizinones and are 
reported in Tables I and 2. Increases in 'CH  relative to the 
parent system 1 of up to 7 Hz are observed when the pyrroliz-
inone contains an electron withdrawing group. The effect is 
usually greatest at the adjacent position, though the significant 
increases at all sites of the cyano compound 41 is noteworthy. 
The networks of long range couplings reported in Table 2 vary 
little from those of the parent compound; no cross-ring inter-
actions are observed. In systems containing a methyl group, the 
two-bond coupling of the ipso carbon atom to the methyl 
protons is of the order of 7.5 Hz. 
The mass spectrum of 1 is dominated by ring cleavage due to 
loss of CO from the molecular ion, and this pattern is main-
tained for the simple alkyl, aryl and cyano derivatives reported 
here. For those compounds containing an additional carbonyl 
group (21-22 and 38-40) ionisation at this site followed by 
a-cleavage leads to (M - OR) peaks (from the esters) or an 
(M - Me) peak (from the methyl ketone) which are usually 
more intense than those due to ring cleavage. Loss of a methyl 
group under electron impact is also found for the methoxy 
compound 20, but this breakdown is only about half as intense 
as the standard ring cleavage. 
Finally, the possible extension of the pyrolytic methods to 
cyclisation of the vinylogous species 45 and 46 was briefly 
investigated. The Meldrum's acid derivative 45 was prepared by 
Knoevenagel condensation of the aldehyde 47, whereas the 
pentadienoate 46 was obtained from pyrrole-2-carbaldehyde 
and the appropriate Wittig reagent. However, pyrolysis of 45 
at 600 °C gave a material whose 'H NMR spectrum was com-
plex with only small peaks attributable to the expected aza-
azulenone 4827  (Ca. 13%), partly owing to the poor volatility of 
the precursor. Unfortunately, FVP of the volatile ester 46 at 
600 °C gave only recovered starting material (TLC) whereas  
at 700 °C a complex mixture was obtained from which only 
pyrrole itself could be identified from its characteristic 'H 
NMR spectrum OH 6.24 and 6.81). Apparently no trace of 48 
was formed under these conditions. 
Experimental 
'H and ' 3C NMR spectra were recorded at 200 (or 250) and 50 
(or 63) MHz respectively for solutions in deuteriochloroform 
unless otherwise stated; coupling constants (J) are given in Hz. 
Infrared parameters are quoted in cm' for Nujol mulls 
or liquid films. 
Synthesis of pyrrole precursors 
2-Methylpyrrole was obtained in 72% yield by Wolff-Kishner 
reduction of pyrrole-2-carbaldehyde.' 5 2-Phenylpyrrole and 
3-phenylpyrrole were obtained in 25 and 26% yield respectively 
by flash vacuum pyrolysis of I -phenylpyrrole.' 6 and were separ-
ated by dry flash chromatography on silica. 
3-Substituted pyrrole-2-carbaldehydes were made by photo-
lytic ring contraction of 4-substituted pyridine N-oxides in the 
presence of copper(ii) ions. The following procedure for 3-
methylpyrrole-2-carbaldehyde' °  5 is typical. A degassed solution 
of 4-picoline N-oxide (4-methylpyridine N-oxide) (1.89 g, 17 
mmol) and copper(u) sulfate pentahydrate (39.10g. 0.16 mol) in 
deionised water (670 cm) was irradiated by a 400 W mercury 
vapour lamp for 6 h. A gentle stream of nitrogen through the 
solution was maintained during the photolysis. The reaction 
mixture was saturated with sodium chloride and continuously 
extracted with methylene chloride (250 cm'). The combined 
extracts were dried (MgSO 4) and evaporated. Flash chrom-
atography (25% ethyl acetate-n-hexane) of the dark brown 
residue gave 3-methylpyrrole-2-carbaldehyde 5 (0.620 g, 33%) 
as a light brown solid, mp 92-94 °C (from n-hexane) 90-
92°C); 0H 10.39 (1 H, br s), 9.59 (1 H, s), 7.04 (1 H, t, V and 4J 
2.4), 6.11 (1H, t, 3iand 4J2.4) and 2.37 (3H, s) (in agreement 
with published data "); bc 177.49, 133.11(q), 129.35 (q), 126.39, 
112.56 and 10.48. Also made by this method were 3-methoxy-
pyrrole-2-carbaldehyde 6 (23 1/4), mp 131-132°C (lit., 9 135-
136°C) 6H(360  MHz) 9.80 (1 H, br s), 9.50 (1 H, apparent s), 
6.95 (1 H, td, 'Jand 4J2.9, 5J 1.0), 5.87 (1H, t, 3fand 4J2.8) and 
3.71 (3H, s) (in agreement with published data); 0c  175.24, 
158.98 (q), 127.07, 118.70 (q), 95.20 and 57.76; ml: 125 (Mt, 
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100%), 124 (17). 82 (18) and 79 (12): and methyl 2-formyl-
pyrrole-3-carboxylate 7 (24%), mp 129-130°C (from ethyl 
acetate) (lit., 29 129 °C), oH 10.20 (1 H, s), 10.00 (1 H, br s), 7.02 
(I H, dd, V 2.8 and 4J 2.7). 6.75 (1 H, dd. V 2.8 and V 2.7) and 
3.89 (31H. s); b c  181.92, 163.95 (q), 132.64 (q), 124.32, 122.51 
(q), 113.50 and 51.68. 
Ethyl 5-formylpyrrole-2-carboxylate 8 
Ethyl pyrrole-2-carboxylate was prepared by the Organic 
Syntheses method 3°  and was subjected to Vilsmeier formyl-
ation. 3 ' Distillation of the dark red residue obtained after 
workup gave as the first fraction, bp 130-132°C (2 Torr) [lit., 3 ' 
82-86 °C (0.05 Torr)], ethyl 5formylpyrrole-2-carbOXYlate 8 
(9.67 g, 58%), mp 71-73°C (lit., 3 ' 75°C); OH 10.28 (1 H, br s), 
9.65 (1 H, s), 6.91 (2H, s), 4.36 (2H, q, 3J 7.1) and 1.35 (3H, t, V 
7.1) (in agreement with published data 32); Oc 180.30, 160.30 (q), 
134.35 (q), 128.50 (q), 119.55, 115.41, 61.99 and 14.09. The 
residue remaining after collection of the required fraction had 
'H NMR spectrum (60 MHz) consistent with ethyl 4-formyl-
pyrrole-2-carboxylate. 
Condensation of pyrrole-2-carbaldehydes with active methylene 
compounds' 
The active methylene compound (5 mmol), piperidine (5 drops) 
and glacial acetic acid (5 drops) were added to the pyrrole-
carbaldehyde (5 mmol) in the minimum amount of toluene. The 
solution was stirred overnight at room temperature, unless 
otherwise stated. The solvent was removed under vacuum and 
the orange or yellow product was conveniently purified by bulb-
to-bulb distillation or by recrystallisation. 
The following derivatives were prepared by this method. The 
active methylene compound and aldehyde used are indicated. 
5_[(3_Methylpyrrol-2-yl)methylidene]-2,2-dimethYl-1,3-
dioxane4,6-dione 10. Compound 10 (from Meldrum's acid and 
3-methylpyrrole-2-carbaldehyde 5) (77%) had mp 170.5-172 °C 
(from ethanol) (Found: C. 61.05; H, 5.7; N, 6.10. C 12 H, 3 N04 
requires C, 61.3; H, 5.55; N, 5.95%); v ma, 3289, 1722, 168: and 
1559; OH 12.70 (1H, br s), 8.27 (1 H, s), 7.33 (1H, apparent t, 3J 
and 4J 2.9), 6.33 (1H, apparent t, 3J and V 2.9), 2.37 (3H, s) and 
1.73 (6H, s); 5c 164.61(q), 141.07 (q), 139.41, 131.75, 127.18 
(q), 115.10, 103.87(q), 97.86(q), 29.51 and 26.97; ml: 235 (M, 
42%), 177(19), 133 (56), 105(100), 104(46), 78(15), 51 (13) and 
43(15). 
54(3.Methoxypyrrol-2-yl)methylidenel-2,2-dimethYl-1 ,3-
dioxane-4,6-dione 11. Compound 11 (from Meldrum's acid and 
3-methoxypyrrole-2-carbaldehyde 6) (72%) had mp 190-191 °C 
(from ethanol) (Found: C, 57.2; N, 5.25; N, 5.5. C 12 H, 3N05 
requires C, 57.35; H, 5.2; N, 5.6°/i); 6 ([2H6]DMS0) 11.85 (1H, 
br s), 7.99 (1 H, d, 5J0.8), 7.66 (1 H, dd, 3J2.8 and 5J0.8), 6.18 
(I H. d, 3J 2.8), 3.93 (3H, s) and 1.65 (6H, s); 6 ([2H6]DMSO) 
164.02 (q), 162.78 (q), 136.52, 134.01, 116.61 (q), 103.47 (q), 
96.30, 94.25 (q), 58.83 and 26.62; ml: 251 (Mt, 43%), 250 (68), 
194 (38), 193 (30), 192 (41), 176 (28), 149 (70), 134 (48), 121 
(59), 120(100), 106 (52) and 93(51). 
2,2_Dimethyl_5_((3_methoxycarbonylpyrrol2yl)methyIidefle]. 
1,3-dioxane-4,6-dione 12. Compound 12 (from Meldrum's acid 
and methyl 2-formylpyrrole-3-carboxylate 7) (86%) had mp 
191 °C (from isopropyl alcohol) (Found: C, 55.65; H, 4.85; N, 
4.9. C, 3 H, 3N0 requires C, 55.9; H, 4.7; N, 5.0%); v, 1744, 
1712 and 1687; 0H  13.08 (1 H, br s), 9.34 (1 H, s), 7.28 (1 H, t, V 
and 4J2.5), 6.96 (1 H, t, 3Jand V 2.5), 3.89 (3H, s) and 1.75 (6H, 
s); 6c 163.58 (q), 142.39, 127.99 (q), 127.69, 126.51 (q), 116.69, 
104.96 (q), 104.55 (q), 51.88 (q) and 27.19 (one quaternary 
signal missing); ml: 279 (M, 53%), 222 (20), 221 (51), 190 (20), 
177(65), 149(97), 146(41), 134(l00)and 118(55). 
5_5_Ethoxycarbonylpyrrol-2-yl)methylidene]-2,2-dimethyl-
1,3-dioxane-4,6-dione 13. Compound 13 (from Meldrum's acid 
and ethyl 5-formylpyrrole-2-carboxylate 8) (98 1/4 after tri-
turation with n-hexane) had mp 166-168 °C (from ethanol) 
(Found: C, 57.1; H, 5.2; N, 4.65. C, 4H, 5N06 requires C. 57.35; 
H, 5.15: N, 4.8%); Vmu  3200, 1715. 1695 and 1560; 6,,12.89 (1 H. 
br s), 8.27 (1 H, s). 7.01 (2H, apparent d), 4.40 (2H. q. 3J 7.2). 
1.77 (6H. s) and 1.40 (3H, t, 3J 7.2); t3c 163.31 (q). 163.14 (q). 
159.39(q). 143.78, 131.98(q). 129.61(q), 128.18, 116.78. 105.18 
(q). 104.67 (q), 61.47, 27.27 and 14.09; ml: 293 (M. 90%), 235 
(83). 191 (89). 163 (50), 146 (90), 119(100). 91(31), 63 (26) and 
43(38). 
Dimethyl 2-((pyrrol-2-yl)methylidenelmalonate 33. Com-
pound 33 (from dimethyl malonate and pyrrole-2-carb-
aldehyde)(96%) had bp 169-174'C (1.5 Torr) (Found: C, 57.4; 
H, 5.3: N, 6.9. C, 0H,,N04 requires C, 57.4; H, 5.3; N. 6.7%); 0H 
11.31 (1 H, br s), 7.61 (1 H, s), 6.98 (1 H, m), 6.61 (1 H, m), 6.21 
(I H, m), 3.72 (3H, s) and 3.68 (3H, s); 0c  168.00 (q), 166.55 (q), 
137.36, 126.72 (q), 126.17, 122.75, 112.77 (q), 111.24, 51.95 and 
51.79; ml: 209 (M, 40%), 208 (80), 177 (62), 146 (35). 119 
(100), 90 (69) and 63(94). 
Diethyl 2-[(pyrrol-2-yl)methylidene]malonate 34. Compound 
34 (from diethyl malonate and pyrrole-2-carbaldehyde) (78 1 !/,,) 
had bp 100-105°C (0.1 Torr) (Found: C, 61.8; H. 6.8; N. 6.95; 
M', 237.0991. C, 2 H, 5N04 requires C, 60.8; H, 6.3; N, 5.95%; 
M, 237.1001); OH  11.31 (IH, br s), 7.63 (1H, s), 7.02 (IH, m). 
6.68 (I H, m), 6.26 (1 H. m), 4.28 (2H, q, V 7.2), 4.23 (2H. q. 
7.2), 1.29 (3H, t, 3J 7.2) and 1.28 (3H, t, 3J 7.2); bc 167.92 (q). 
166.47 (q), 136.99, 127.00 (q), 125.68, 122.64, 113.48 (q), 
111.13, 61.17, 60.81, 14.01 and 13.86; ml: 237 (M. 37%0, 146 
(35), 119(27), 75(39), 65 (100) and 53 (65). 
Methyl (E)- and (Z)-2-acetyl-3-(pyrrol-2-yl)propenoate 35. 
Compound 35 (from methyl acetoacetate and pyrrole-2-
carbaldehyde, 48 h)(72(X, in total) had bp 130-150°C (I Torr) 
(Found: C, 62.5; H, 6.25;. N, 7.3; M, 193.0737. C, 0H,,NO 3 
requires C, 62.2; H, 5.7; N, 7.25%; M, 197.0739); 0H (major and 
minor isomers present in a ratio of 5:2; distinguishable minor 
isomer signals reported in parentheses) 12.12 (11.51) (IH. br  
s), 7.21 (7.62) (IH, s), 7.09 (1H, m), 6.77 (IH, m), 6.33 (IH, 
m), 3.79 (3.83) (3H, s) and 2.50 (2.38) (3H, s); Oc  (minor 
isomer in parentheses) 199.97 (197.11) (q), 168.14 (168.84) 
(q), 138.25 (137.72), 128.30 (127.22) (q), 126.77, 125.36 
(124.74), 119.03 (120.60) (q), 112.48 (111.75), 51.81 (51.88) 
and 31.46 (29.36); ml: 193 (M, 50%), 146 (100), 91(22), 65 
(13) and 43(47). 
Methyl 2.cyano-3-(pyrrol-2-yl)propenoate 36. Compound 36 
(from methyl cyanoacetate and pyrrole-2-carbaldehyde) (67%) 
had mp 112-114°C (from ethanol) (Found: C, 61.0; H, 4.6; N, 
15.9. C9H8NO2 requires C, 61.35; H, 4.55; N, 15.9%); O H  9.94 
(1H, br s), 8.01 (1 H, s), 7.24 (1 H, m), 6.98 (1 H, m), 6.42 (1 H, m) 
and 3.86 (3H, s); bc 163.81 (q). 142.53, 128.44, 126.58 (q), 
124.27, 118.20 (q), 112.36, 91.16 (q) and 52.66; ml: 176 (M. 
100%), 145 (76), 144(84), 116(81) and 90(25). 
2,2_Dimethyl-5.[3-(pyrrol-2-yl)prop-2-enylidenel-1,3-diOXane-
4,6-dione 45. In a similar procedure, 3-(pyrrol-2-yl)propenal 
4733 (0.36 g, 3 mmofl was reacted with Meldrum's acid (0.43 g, 
3 mmol) to give compound 45 (0.68 g, 92%), mp 190-192°C 
(decomp.) (from ethanol) (Found: C, 63.45; H, 5.3; N. 5.7. 
C, 3 H,,N04  requires C, 63.15; H, 5.25; N, 5.65%); 6,1 10.55 (1 H, 
br s), 8.21 (1H, d, V 12.5), 7.96 (1H, t, 3J 12.5), 7.34 (1 H, d, 3J 
12.5), 7.23 (1 H, m), 6.80 (1 H, m), 6.38 (1 H, m) and 1.74 (6H, s); 
bc  163.59 (q), 162.90 (q), 159.80, 145.24, 130.51 (q), 128.39, 
121.80, 118.18, 112.69, 104.71(q), 104.27 (q) and 27.36; ml: 
247 (M, 609/6), 189 (65), 121 (75), 117 (100) and 90(38). 
2,2-Dimethyl-5-[1-(pyrrol-2-yl)ethylidene]-1,3-dioxane-4,6-
dione 18 
A solution of titanium tetrachloride (9 cm', 82 mmol) in carbon 
tetrachloride (20 cm 3 ) was added dropwise under an atmos-
phere of nitrogen to ice-cold tetrahydrofuran (160 cm'). The 
resulting mixture was treated with a solution of Meldrum's acid 
(5.96 g, 41 mmol) and 2-acetylpyrrole 9 (4.45 g. 41 mmol) in 
tetrahydrofunan (40 cm'), followed by a solution of pyridine (13 
cm') in tetrahydrofuran (20 cm'). The mixture was stirred at 
0 °C for 3.5 h and then at room temperature overnight, after 
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which water (40 cm') was added, the resulting mixture was 
filtered through Celite, concentrated and extracted with diethyl 
ether (6 x  100 cm'). The combined organic layers were washed 
with brine (20 cm'), saturated aqueous sodium hydrogen car -
bonate (20 cm 3 ) and dried (MgSO4 ). The solvents were removed 
under reduced pressure to give a crop of yellow crystals of 2,2-
dimet/zy1-5-[ I -(pi'rrol-2 - I)ethvlidene]- 1 .3-dioxane-4.6-dione 18 
(5.48 g. 577) after recrystallisation from ethanol. mp  127-
129°C (from ethanol) (Found: C, 61.3; H, 5.6: N, 5.95. 
C,2 H, 3N04 requires C, 61.3; H, 5.55; N, 5.95%); i'm 3260, 1780 
and 1740; 5H([ 2H6]DMSO) 12.10 (1 H, br s), 7.39 (1 H, m), 7.18 
(IH, m), 6.37 (IH, m), 2.70 (3H, s) and 1.72 (6H, s); 
([2 H6]DMSO) 162.38 (q). 157.77 (q), 130.10 (q), 128.83. 
122.24, 111.74, 105.58 (q), 102.61 (q), 26.89 and 22.97; ml: 235 
(M, 13%). 177 (39). 133 (100) and 104 (47). 
Reactions of pyrroles with methoxymethylidene Meldrum's 
acid ' 
The appropriate pyrrole (II mmol) was added to a solution of 
methoxymethylidene Meldrum's acid 4(1.86 g, 10 mmol) in the 
minimum volume of acetonitrile (8 cm'), and the mixture was 
stirred at room temperature for the stated length of time. Con-
centration of the solution under vacuum yielded a crop of yel-
low crystals which were washed with hexane. The following 
derivatives were made by this method. 
2,2-Dimethyl-5-[(5-methylpyrrol-2-yl)methylidenej-I ,3-
dioxane-4,6-dione 14. Compound 14 (1.43 g, 61%) (from 2-
methylpyrrole, stirred at room temperature for 40 h) had mp 
136-137 °C (from ethanol) (Found: C, 61.6; H, 5.55; N, 6.0. 
C, 2 H, 3 N04 requires C. 61.3: H, 5.55; N, 5.95%); Vmax 3250, 1735 
and 1680; 6H  8.04 (1 H, 5). 7.37 (1 H, br s), 6.38 (1 H, m), 2.43 
(3H, s) and 1.67 (6H. s): 6([2H6]DMSO)  163.65 (q), 145.90 (q), 
140.66, 132.07 (br), 127.92 (q), 114.94, 103.30 (q), 97.31 (q), 
26.53 and 13.70 (both 'H and ' 3C NMR spectra show evidence 
of exchange processes at room temperature); ml: 235 (M, 
24%), 177(12). 133(lOO)and 104(40). 
2,2-Dimethyl-5-[(2-phenlprroI-2-yl)methylidene]-1 ,3-
dioxane-4,6-dione 15. Compound 15 (65%) (from 2-phenyl-
pyrrole, stirred at room temperature overnight) had mp 139-
141 °C (from ethanol) (Found: C, 68.4; H, 5.1; N, 4.7. 
C, 7H, 5N04 requires C. 68.4: H. 5.1; N. 4.7%); 6H  8.20 (1 H, s), 
7.74 (2H, m), 7.4-7.5 (3H. m). 7.18 (IH, dd, 3J4.2 and 4J2.1), 
6.89 (1H, dd, 3J4.2 and J2.3) and 1.78 (6H, s); 6c 164.68 (q), 
163.97 (q), 144.98 (q). 141.40. 131.46, 129.68, 129.41 (q), 
129.14, 125.47, 112.38. 103.91 (q).  99.04 (q) and 26.98 (one 
quaternary signal missing): nil: 297 (Mt, 13%), 195 (85), 143 
(100) and 115(43). 
2,2-Dimethyl-5-((3-phenylpyrrol-2-yl)methylidene]-1,3-
dioxane-4,6-dione 16 and 2,2-dimethyl-5-I(4-phenylpyrrol-2-
yI)methylidenej-1,3-dioxane-4,6-dione 17. Reaction of 3-phenyl-
pyrrole under similar conditions gave an equimolar mixture of 
compounds 16 and 17 (78%), mp 180-182 °C (from ethanol) 
which could only be partially separated into a major and minor 
isomer (17 and 16 respectively) by recrystallisation (Found: C, 
68.4; H, 5.1; N, 4.8. C 17H 13N04 requires C, 68.4; H, 5.1; N, 
4.7%); ö(major isomer) 8.29 (1H, s), 7.71 (1H, m), 7.2-7.6 
(6H, m) and 1.77 (6H, s); 5 H(minor isomer) 8.34 (IH, s), 7.2-
7.6(6H, m), 6.62 (1 H, t. J 2.4) and 1.76 (6H, s). 
Wittig reactions of pyrrole-2-carbaldehydes 
A solution of the appropriate pyrrole-2-carbaldehyde and ylide 
in dry benzene was heated at reflux under nitrogen for the time 
stated. The solvent was removed and, unless otherwise stated, 
the products were obtained by dry flash chromatography of 
the residue. The following 3-(pyrrol-2-yl)propenoates were 
obtained by this means. The aldehyde and ylide, volume of 
solvent, reaction time and the eluent used in the chromato-
graphic separation (or other workup method) are quoted. 
Methyl 3-(pyrrol-2-yl)propenoate 30. Compound 30 [from 
pyrrole-2-carbaldehyde (0.213 g,2.2 mmol), methyl (triphenyl- 
phosphoranylidene)acetate (0.813 g. 2.4 mmol). 20 cm 3 . I h. 
sublimation] (0.236 g. 787. ratio E:Z = 90: 10) had mp 93.5-
94.5 °C [from toluene-light petroleum (bp 60-80 °C)] (lit.. 2 ' 
103 °C): /. max(EtOH) (e/dm' moI' cm') 260-265 (6760) and 
330 (22 900): ÔH(minor stereoisomer in square brackets) 8.81 
(I H, br s) (12.22 (1 H, br s)), 7.56(1 H, d, 3J 15.9) [6.77 (1 H. d, V 
12.5)]. 6.93 (1 H. m) [7.01 (1 H. br d)], 6.56 (1 H, m) [6.52 (1 H. 
m)], 6.27 (1 H. m) [6.27 (1 H, m)], 6.00 (1 H, d. V 15.9) [5.53 (1 H. 
d, 3J 12.5)] and 3.77 (3H. 5) [3.77 (3H. s)] (in agreement with 
literature data): 2122 c(minor stereoisomer in square brackets) 
168.01 (q) [169.50 (q)), 134.30 [134.77], 128.20 (q) [128.94 (q)]. 
122.30[l22.90], 114.32 [118.62). 110.83 [110.05], 110.61 [106.98] 
and 51.39 [51.47). 
Ethyl (L)-2-methyl-34pyrrol-2-yI)propenoate 32. Compound 
32 [from pyrrole-2-carba!dehyde (0.201 g. 2.1 mmol), ethyl 2-
(triphenylphosphoranylidene)propanoate (1.01 g. 3.0 mmol). 
25 cm', 4 h, ethyl acetate-n-hexane] (0.366 g, 97%) had mp 78-
79 °C [from light petroleum (bp 60-80 °C)] (lit., 22 79-80 °C); 
Vmaz 3290, 1680 and 1630: 6H 8.78 (1 H. br s), 7.57 (1 H, s). 6.94 
(I H, m), 6.54(1 H, br s). 6.34(1 H, m), 4.25 (2H, q. 3J 7.1). 2.16 
(3H, d, 4J 1.3) and 1.33 (3H, t, V 7.1); t5 c  168.97 (q). 128.87 (q). 
128.50, 121.03 (q), 120.82, 113.55. 110.76, 60.54, 14.20 and 
13.89 (all spectroscopic data in agreement with published 
data 22)  Another fraction was identified as ethyl (Z)-2-methyl-3-
(pyrrol-2-yl)propenoate (9 mg, 2%), oil: oH 11.99(1 H, br s). 6.92 
(I H, m), 6.73 (1 H, br s), 6.39 (1 H, m), 6.24 (1 H. m), 4.25 (2H, q. 
3J 7.1), 2.06 (3H, d, 4J 1.2) and 1.33 (3H, t, V 7.1); O  (three 
quaternaries missing) 132.33, 121.30, 117.09, 109.44, 60.47, 
21.74 and 14.08 (all spectroscopic data in agreement with pub-
lished data .12 
Methyl (EE)-5-(pyrrol-2-yl)penta-2,4..dienoate 46. Com-
pound 46 [from pyrrole-2-carbaldehyde (0.420 g. 4.4 mmol). 
3-methoxycarbonylprop-2-enylidenetriphenylphosphorane 26 
(1.902 g, 5.4 mmol) in toluene (50 cm'), 17 h, ethyl acetate, 
n-hexane] (0.400 g, 51(Yo) was the major fraction, mp 131-
132°C (from hexane) (lit.. 2 ' 130 °C)OH 8.70 (1 H, br s), 7.39 (1 H, 
ddd, 3J 15.2 and 11. 1, ".10.6), 6.86 (1 H, m), 6.75 (1 H, d, 3J 15.6), 
6.40-6.50 (2H, m). 5.86 (1, d, 3j  15.2) and 3.74 (3H. s); O 
167.88 (q), 145.38, 130.32, 129.74 (q). 121.13, 120.48, 117.79, 
111.94, 110.58 and 51.37. 
Pyrrolizinones 
Pyrolysis of Meldrum's acid derivatives. The Meldrum's acid 
derivative was sublimed at low pressure into a horizontal quartz 
pyrolysis tube (35 x  2.5 cm) which was maintained at the 
appropriate temperature by an electrically heated furnace. The 
products were collected in a U-tube cooled by liquid nitrogen 
situated at the exit point of the furnace. 
The following pyrrolizinones were obtained by pyrolysis of 
Meldrum's acid derivatives. The 2,2-dimethyl-5-[(pyrrol-2-
yI)methylidene]- 1, 3-d ioxane-4,6-di one  substrate and pyrolysis 
parameters [furnace temperature (Ti), inlet temperature (T,), 
pressure (P) and pyrolysis time (t)] are quoted. 
7-Methylpyrrolizin-3-one 19. Compound 19 Iftom 2,2-
dimethyl-5-[(3-methylpyrrol-2-yl)methylidene]- I ,3-dioxane-4,6-
dione 10 (2.20 g, 9 mmol)} (T1 650'C, T, 120-130°C, P 0.005 
Torr, t 4 h) (1.20 g, 96%) had bp 64-66°C (0.4 Torr) (Found: 
M, 133.0533. C8H 7NO requires M, 133.0528); Vma* 1738 and 
1526; 6H  7.05 (1 H, d, 3J5.8), 6.81 (1 H, m, 3J3.2 and 5J0.5), 5.80 
(I H, d, 3J 3.2), 5.56 (1 H, d, 3J 5.8) and 1.98 (3H, d, 3J 0.5); O 
165.66(q), 136.69, 134.08(q), 123.98 (q), 120.54, 119.18, 117.62 
and 11.03; ml: 133 (M, 100%), 105 (32), 104(71), 79 (12), 78 
(18), 52 (15) and 51(20). 
7-Methoxypyrrolizin-3-one 20. Compound 20 {from 2,2-
dimethyl-5-[(3-methoxypyrrol-2-yl)methylidene]. I ,3-dioxane-
4,6-dione 11(0.260 g, 1.0 mmol)} (T1 600°C, T1 150-180°C, P 
0.03 Torr, t 35 mm) (0.058 g, 37%) had bp 90-95 °C (0.2 Torr) 
(Found: M, 149.0476. C 8H,NO2 requires M. 149.0477); 6, 
7.11 (1H, d, 3J 5.8), 6.84 (1 H, d, V 3.3), 5.67 (1 H, d. V 3.3). 
5.52 (1 H, d, 3J 5.8) and 3.82 (3H, s); 6c 164.91(q). 149.42 (q), 
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137.18, 120.37, 117.91, 116.88 (q). 107.53 and 58.95: ml: 149 
(M. 100%), 134 (20). 120 (40). 106 (65). 80 (32) and 52(49). 
Methyl 3-oxo3Hpyrrolizine-7-carbOXYlate 21. Compound 
21 ( from 2,2dimethyI5[(3-methoXYCarbOflY 1 PYrtOl -2-YI) 
methylidene]-1,3-dioxane-4.6-diofle 12 (1.75 g, 6 mmol)) (T1 
620 °C, T1 160-180 °C. P0.01 Torr. t I h) (0.90 g, 81%) had mp 
70-71 °C (from n-hexane) (Found: C, 61.1; H, 4.0; N, 7.75. 
C9H 7NO3  requires C, 61.0; H, 3.95; N. 7.9%); 'mx  1742, 1720, 
1586 and 1524; oH 7.38 (IH, dd, V 5.9 and 5J05), 6.84(IH, dd, 
3J 3.3 and V 0.5), 6.34 (1 H, dd, 3J 3.3 and V 0.9), 5.80(1 H, dd, 
3J 5.9 and V 0.9) and 3.80 (3H, s); 6 c 165.12 (q), 163.14 (q). 
139.76(q), 138.24, 123.61, 118.21, 115.84(q), 115.08 and 51.60; 
ml: 177 (M t , 100%), 146 (76), 134 (37), 118 (42), 90 (16) and 63 
(33). 
Ethyl 3_oxo3Hpyrrolizine-5-CarbOXYIate 22. Compound 
22 from 2,2dimethyl-5-[(2-ethoxyCarbonYlPYrrol-5Yl) 
methylidene]-1,3-dioXafle-4,6-dione 13(0.293 g, 1.0 mmol)} (T1 
550 °C, T, 150-170 °C. P0.002 Torr, t I h 40 mm) (0.132 g, 691/,,) 
had bp 65-67°C (0.2 Torr) (Found: M, 191.0579. C, 0H9NO 3 
requires M, 191.0582); V rn  1750 and 1710; OH 7.12 (1 H, d, V 
6.0), 6.78 (1 H, dd, V 3.4 and 6J0.7), 6.01 (1 H, d, 3J 3.4), 5.80 
0 H, dd, V 6.0 and V 0.7), 4.30 (2H, q, V 7.1) and 1.33 (3H, t, 
3J7.1);Oc  163.43 (q), 158.72 (q), 141.68 (q), 136.70, 126.15 (q), 
124.10. 123.84, 109.45, 60.84 and 14.08; ml: 191 (Mt. 100%), 
163(18), 146(75). 119 (35),91 (13) and 63 (10). 
1-Methylpyrrolizin-3-one 23. Compound 23 {from 2,2-
dimethyl-5-[ I -(pyrrol-2-yl)ethylidefle]- I ,3-dioxane-4,6-dione 18 
(0.58 g, 2.5 mmol)} (T1 600'C, T1  130-140°C, P0.002 Torr, a' 1 
h) (0.24 g, 73%) had bp 112°C (4 Torr) [lit., 110-130°C (17 
Torr)]; v, 1725; OH(360 MHz) 6.87 (1 H. dd, V 3.0 and 4J 1.0), 
6.00 (1H, dd, 3J 3.0 and 4J 1.0), 5.98 (1 H, td, V 3.0 and 6J 0.7), 
5.39 (1 H, qd, 4J 1.7 and 6J 0.6) and 2.07 (3H, d, 4J 1.7); O 
165.66 (q), 151.83 (q), 138.63 (q), 118.22, 117.52, 114.67, 
109.09, and 13.08; ml: 133 (M, 100%), 118(14), 104 (96), 94 
(11), and 78 (29). 
5-Methylpyrrolizin-3-one 24. Compound 24 {from 2,2-
dimethyl-5-[(5-methylpyrrol-2-yI)methYlidene]- 1 ,3-dioxane-4,6-
dione 14 (0.578 g, 2.5 mmol)} (T, 600 °C, Ti 130-140°C, P0.005 
Torr, 1 45 mm) (0.285 g. 87%) had bp 91-95 °C (21 Torr) 
(Found: C, 73.4; H, 5.4; N, 10.8; M, 133.0523. C 8H 7NO 
requires C. 72.2; H, 5.25; N, 10.55%; M, 133.0528); Vn..az  1730 
and 1585; OH 7.03 (1H, d, V 5.9), 5.89 (1 H, d, 3J2.9), 5.64 (1 H, 
m), 5.60 (1 H, d, 3J 5.9) and 2.29 (3H, s); O 166.50 (q). 137.36, 
135.76(q), 134.23(q), 120.60, 112.89, 111.64 and 11.91;m/z133 
(M, 100%), 104(57), 78 (19) and 63 (24). 
5-Phenylpyrrolizin-3-one 25. Compound 25 Ifrorn 2,2-
dimethy15-[(5-phenylpyrro1-2-yl)methY1idene]- 1 ,3-dioxane-4,6-
dione 15(0.54g. 1.8 mmol)} (T 600 °C, T, 160-180°C, P0.002 
Torr, a'! h) (0.31 g, 88°/) had bp 97-98 °C (0.2 Torr) (Found: 
M, 195.0686. C, 3 H9N0 requires M. 195.0684); °H 7.2-7.9(5H, 
m), 7.10 (1H, d, 3J 5.9), 6.19 (1 H, dd, 3J 3.3 and 6J 0.7), 6.07 
(I H, d, V 3.3) and 5.09 (1H, dd, V 5.8 and 6J0.7); 6c 166.21 (q), 
138.49 (q), 137.55, 129.60 (q), 128.60, 128.12, 126.72, 121.70, 
114.67 and 112.20 (one quaternary obscured); m/z 195 (M, 
100°/), 167(32), 166(31),140(11), 139 (13) and 63 (14). 
6-Phenylpyrrolizin-3-one 26 and 7-phenylpyrrolizm-3-one 27. 
Compounds 26 and 27 Ifrom 2,2-dimethyl-5-[(3- and 4-
phenylpyrrol-2-yl)methylidene]- 1 .3-dioxane-4,6-dione 16 and 
17(0.37 g, 1.25 mmol)] (T 600 °C, T, 160-180°C, P0.002 Torr, 
1 1.25 h) (0.204 g, 84%) were characterised as the mixture 
(Found: M, 195.0691. C, 3 H9N0 requires M, 195.0684); ml: 
195 (M, 100%). 167 (29), 140 (16), 139 (37), 94 (18) and 63 
(11); recrystallisation from n-hexane gave a fraction which was 
almost pure 6-phenylpyrrolizin-3-one 26 (21%), 0H 7.2-7.5 (6H, 
m), 7.13 (1H, d, 3J6.0), 6.35 OH, d, 4J0.8) and 5.73 (IH, d, V 
6.0); 6 165.57 (q), 139.90, 137.48 (q), 133.22 (q), 131.63 (q), 
128.66. 126.90, 124.91, 122.47, 114.15 and 110.03; the residue 
after recrystallisation was predominantly 7-phenylpyrrolizin-3-
one 27.6H 7.3-7.5 (5H, m), 7.32 (IH, dd, 3J5.8 and 5J0.4), 6.97 
0 H, dd, V 3.3 and 5J 0.4) 6.27 (1 H, dd, V 3.3 and 6J 0.8) and  
5.72 (IH, dd, V 5.8 and 6J0.8):Oc 168.32 (q), 137.87, 132.81 (q). 
128.87, 127.99, 126.70. 121.02, 119.83 and 114.32 (two quater-
naries not apparent). 
[2-2H]Pyrrolizin-3-one. Deuterium exchange of the NH of 
the Meldrum's acid derivative 2 was accomplished by dissolving 
the substrate (0.22 g, 2 mmol) in [ 2H]chloroform (1.5 cm') fol-
lowed by addition of [ 2 H]methanol (2 cm') within the inlet tube 
of the FVP apparatus. 35 The solvents were removed at the oil 
pump, and the residue was sublimed into the pyrolysis tube at 
600°C (0.002 Torr). The 'H NMR spectrum of the product 
showed no signal at 6, 5.62 corresponding to H(2); the level 
of deuterium incorporation at this position was Ca. 96%, and 
there was no significant incorporation at other sites in the 
product. 
Pyrolysis of 3-(pyrrol-2-yl)propenoic ester derivatives. 
Pyrolysis of the 3-(pyrrol-2-yI)propenoic ester derivatives was 
carried out as described above for the Meldrum's acid deriv-
atives. However, upon completion of the pyrolysis the volatile 
alcohol generated in the reaction was removed into the pump 
trap by allowing the product trap to warm up partially while the 
system was still under vacuum. When no more alcohol 
remained, the product trap was allowed to warm to room tem-
perature under an atmosphere of dry nitrogen. The product was 
removed from the trap by dissolving in acetone. After removal 
of the solvent, the pyrrolizinone was subjected to bulb to bulb 
(Kugelrohr) distillation where appropriate. The following 
pyrrolizin-3-ones were prepared by this means. The substrate 
and pyrolysis parameters are quoted as above. 
Pyrrolizin-3-one 1. Compound 1 [from methyl 3-(pyrrol-2-
yl)propenoate 30 (0.095 g, 0.63 mmol)1 (T 850 °C, T, 50°C. P 
0.025 Torr, t IS mm) (0.065 g, 87%) had bp 95-100°C (17 Torr) 
[lit.,' 130°C (16 Torr)]; OH  7.04 (1 H, dd, 3J 5.9 and 6J 0.5), 6.86 
(1H, t, V 2.0), 5.96 (2H, m) and 5.62 (1 H, d, 3J 5.9) (in agree-
ment with published data '). 
2-Methylpyrrolizin-3-one 37. Compound 37 [from ethyl 3-
(pyrrol-2-yl)-2-methylpropenoate 32 (0.177 g. 1.0 mmol)] (Tf  
800 °C, T, 90°C, P 0.008 Torr. a' 20 mm) (0.115 g. 87%) had bp 
45-50°C (0.2 Torr) (Found: M, 133.0525. C 8H 7NO requires 
M, 133.0528); vm. 1735 and 1475; 0,, 6.83 (1 H, br d, 3J 3.2). 
6.68 (1 H, qd, V 1.7 and 5J0.6), 5.93 (1 H, t, V 3.1), 5.82 (1 H, d, 
of apparent t, 3J 3.2, 'J 0.7 and °J 0.7) and 1.86 (3H, d, 4,j  1.7); 
Oc 166.54 (q), 136.48 (q), 132.14 (q), 131.38, 118.23, 114.98, 
109.29 and 10.63; ml: 133 (Mt, 100%), 105 (29), 104 (61), 78 
(15), 57(15), 51 (15) and 39(11). 
Methyl 3-oxo-3H-pyrrolizine-2-carboxylate 38. Compound 
38 (from dimethyl 2-[(pyrrol-2-yl)methylidene]malonate 33 
(0.33g. 1.6mmol)) (T650°C, Ti 100-120°C, P0.002Torr. t 2 
mm) (0.25 g, 84%) had mp 105 °C (from cyclohexane) (Found: 
C, 61.25; H, 4.05; N, 7.8. C9H7NO3 requires C, 61.0; H, 3.95; N, 
7.9%); 6H  7.85 (1 H, s), 7.03 (1 H, d, 3J3.3), 6.33 (1 H, d, 3J3.3), 
6.13 (1 H, t, V 3.3) and 3.83 (3H, 5); 6c 161.30 (q), 160.72 (q), 
145.16, 133.19(q), 122.98(q), 121.32, 117.14, 116.77 and 51.79; 
ml: 177 (Mt, 74%), 146 (100), 119 (29), 90(39). 63 (38) and 59 
(20). 
Ethyl 3.oxo-3H-pyrrolizine-2-carboxylate 39. Compound 39 
from diethyl 2-[(pyrrol-2-yl)methylidene]malonate 34(0.059 g, 
0.25 mmol)} (T1 600 °C, T, 120 °C, P 0.008 Torr, 120 mm) [0.015 
g, 30%; this represents a minimum yield since the (solid) prod-
uct was simply scraped from the trap] had mp 59-63 °C (lit.,"' 
60-61 °C) (Found: C, 62.4; H, 4.8; N, 7.4. C, 0H,NO 3 requires C, 
62.8; H, 4.7; N, 7.35%); °H  7.82 (1 H, s), 7.03 (1 H, d, 3J 3.1), 6.31 
(!H, d, J3.l), 6.12 (1 H, t, 3J3.l), 4.28 (2H, q, 3J7.!) and 1.33 
(3H, t, V 7.1); 0c  160.80 (2q), 144.70, 133.19 (q), 123.30 (q), 
121.17, 116.8 5, 116.66, 60.71 and 14.08;m/: 191 (M,68%), 161 
(13), 146 (100), 119 (52), 91(23), 90 (26) and 63(18); a small 
amount (61/,,) of pyrrolizin-3-one was also detected at this 
temperature and was left as a liquid residue in the trap; the 
percentage in the pyro!ysate of this product increased at higher 
temperatures as follows: 650'C, 21%; 700°C, 35%; 750'C, 
91%. 
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Repyrolysis of ethyl 3-oxopyrrolizine-2-carboxylate 39 as 
above showed clean conversion to pyrrolizin-3-one 1 with no 
evidence for any stable intermediates. The amounts of conver-
sion were as follows: 650 °C, 47%; 700'C, 53%; 750 °C. 89°/. 
2-Acetylpyrrolizin-3-one 40. Compound 40 [from methyl 2-
acetyl-3-(pyrrol-2-yl)propenoate 35 (0.21 g, 1.1 mmol)] (T1 
650 °C, 7 120 °C, P0.003 Torr, t 1 mm) (0.14g. 76%) had mp 
103 °C (Found: C, 66.9; H, 4.4; N, 8.6. C 9H 7NO2  requires C, 
67.1; H, 4.3; N, 8.7%,); 6 H 7.82(IH, d. 5JO.8), 7.01 (1 H, appar-
ent dt, 'J 3.2, 4J and 5J 0.8), 6.37(1 H, dd, '.1 3.2 and V 0.8), 6.15 
(I H, t, 'J3.2) and 2.46 (3H, s); bc 162.58 (q), 145.55, 133.53(q), 
130.55 (q). 121.00, 118.10, 117.02 and 26.90 (one quaternary 
signal missing); ml: 161 (M, 54%), 146 (100), 91(21), 90 (24), 
63 (24) and 43 (43). 
2-Cyanopyrrolizin-3-one 41. Compound 41 [from methyl 2-
cyano-3-(pyrrol-2-yl)propenoate 36 (1.02 g, 5.8 mmol)] (T r 
800 °C, T, 120-130 °C, P0.002 Torr, :1 h)(0.68 g, 81%) had mp 
137-138 °C (from ethyl acetate—cyclohexane) (Found: C, 67.0; 
H, 2.95; N, 19.4. C 8H4N20 requires C, 66.65; H, 2.8; N, 
19.45%); oH 7.67 (1H, s), 7.05 (1 H, d, V 3.2), 6.42 (1H, d, V 3.2) 
and 6.20 (1 H, t, 'J3.2); 5, 159.46(q), 147.47, 133.72 (q), 122.86, 
118.75, 118.12, 111.65(q) and 105.68 (q); ml: 144 (M. 100%), 
116(63), 89(57), 88(18), 63 (32) and 62(28). 
Pyrolysis of compounds 45 and 46 
The Meldrum's acid derivative 45 (0.09 g, 0.35 mmol) was sub-
limed at 100-150°C (0.003 Torr) during 3 h into the furnace 
tube which was held at 600 °C. There was considerable decom-
position in the inlet and much of the pyrolysate was insoluble in 
[2 H]chloroform. However, a small amount of the azaazulenone 
48 (ca. 13'/,,) was present in the soluble fraction and was identi-
fied by its characteristic resonance at 0H  8.20 (1 H, rn).'7 
The pyrolysate from FVP of 46 (0.027 g, 700'C, 100'C, 
0.001 Torr, 20 mm) was examined by 'H NMR spectroscopy. 
No trace of the azaazulenone 48 was obtained and the only 
identifiable product was pyrrole (see Discussion section). 
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Abstract 
In the title compounds, methyl 2-formylpyrrole-3-
carboxylate, C 7 H7 NO3 , and 3-methoxypyrrole-2-carb-
aldehyde, C 6 117 NO2 , the pyrrole rings show little dis-
tortion ascribable to the electronic properties of the 
substituents, whether they are electron donating or elec-
tron withdrawing. 
Comment 
The electronic properties of substituents on unsaturated 
systems is often found to influence geometry (e.g. Blake 
et al., 1996). We now report the crystal structures 
of two pyrrole-2-carbaldehydes, one substituted in the 
3-position by a strongly electron-withdrawing methoxy-
carbonyl group, (1), the other similarly substituted with 
an electron-donating methoxy group, (2), in which the 
substituents have minimal effect on the structural param-
eters of the pyrrole ring. Two 3-substituted pyrrole-2- 
0 1998 International Union of Crystallography 
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carbaldehydes have been reported previously [(3): Blake 
et al., 1995; (4): Smith et al., 19851, although (2) is only 
the third example of a 3-methoxypyrrole to have been 
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The aldehyde group is s-Z with respect to the N atom 
of the pyrrole in both (1) and (2), at least in part due to 
the presence of intermolecular hydrogen bonding. The 
methoxy substituent at C3 and the methyl ester group 
are both twisted away from the aldehyde function. Both 
(1) and (2) are planar; maximum deviations are 0.101 A 
for 011 in (1) and 0.046 A for C9 in (2). 
The bond lengths in compounds (1)-(3) are com-
pared in Table 1 and surprisingly there is no signifi-
cant difference between corresponding bonds in the pyr-
role rings, with the exception of N1—C2. Here, the 
distance increases as a function of the substituent in 
the order CO 2 Me [(1), l.365(3)A]< CH 2OAc [(3), 
1.377 (4) Al < OMe [(2), 1.383 (3) A]. This is consis-
tent with delocalization of the N-atom lone pair into 
the ester (la). There is a corresponding decrease in 
the C2—C(aldehyde) bond lengths [1.444 (3), 1.433(4) 
and 1.423 (3) A in (1), (3) and (2), respectively], consis-
tent with delocalization of the methoxy-based lone pair 
into the aldehyde function (2a). In agreement with this, 
the C3-08 bond in (2), at 1.348 (3) A, is significantly 
shortened in comparison with the model methoxypyrrole 
(5), where the corresponding bond length is 1.383(4) A. 
There are no significant differences in the endocyclic 
bond angles in (1)-(3). The exocyclic bond angles C2-
C3—X [X = CO 2Me in (1), OMe in (2) and CH20Ac in 
(3)] increase in the order (2) < (1) < (3) (see Table 1), 
in accord with the steric bulk of X. 
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Triclinic Cell parameters from 25 
P1 reflections 
a=5.6240(ll)A 0= 12.5-16.0° 
b=7.765(2)A 
c = 8.569 (2) A 
fL=O.113mm 
T= 150.0(2) K 
ce = 73.85(3)0 Block 
= 83.62(3)° 0.43 x 0.39 x 0.12 mm 
-y = 88.93(3)0 Colourless 
V= 357.19(12) A3 
Z= 2 
D = 1.424 Mg m 3 
D,,, not measured 
Data collection 
Stoe Stadi-4 diffractometer 
equipped with an Oxford 
Cryosystems low-
temperature device (Cosier 
& Glazer, 1986) 
w-29 scans 
Absorption correction: none 
976 reflections with 
I> 2o(I) 
R, 1 = 0.059 
Omax = 25.060 
h = —6 - 6 
k = —8 -. 9 
1 = 0 - 10 
232 	
C7H7NO 3  AND C61­17NO2 
Fig. 1. View of (1) showing the formation of a hydrogen-bonded dimer in the solid state. Distaiice 
07 . N V is 2.842(3) A. where (i) is 2 - x, —1 - y, 2 - z. Ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii 
1-1g. 2. View of (2) showing the formation of a hydrogen-bonded dimer in the solid state. Distance 
07. NI is 2.797(3)A, where (I) is 2 - x. I - Y. 2 - z. Ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. 
Packing in the crystal structures of (1) and (2) 
is characterized by the formation of hydrogen-bonded 
dimers via N—H.. •O=C interactions. In terms of 
Etter's graph-set formalism (Etter, 1990), this interaction 
can be described as an R(10) system and is consistent 
with the formation of hydrogen bonds between the most 
effective donor and acceptor sites. 
Experimental 
Compounds (1) and (2) were obtained by photochemical ring 
contraction of the appropriate 4-substituted pyridine-N-oxide 
in aqueous copper(II) sulfate solution (Bisagni et al., 1968; Bellamy et al., 1975). Crystals of (I) and (2) were grown 
from toluene and chloroform, respectively. 
Compound (1) 
Crystal data 
C7H7NO3 	 Mo Ka radiation 
M, = 153.14 A = 0.71073 A 
(4-05 .374(3) 1.371 	(4) 1.370(5) 
NI-CS (.352(3) (.332(3) 1.351 (4) 
C2-C6 1.444(3) 1.423 (3) 1.433(4) 
C(,-07 1.226(3) 1.2230> 1.225 (4) 
C3-C8I08 1.466(3) .348(3) 1.502(4) 
C2-N I_CS 110.0(2) 108.7 (2) 109.00) 
NI-C2--C6 121.6(2) 123.7(2) 121.9)3) 
C3-C2-C6 1315(2) 129.4(2) 30.6(3) 
Nl-C2--C3 106-9(2) 106.8 (2) 107.40) 
C2-C3-C8/08 125.2(2) 122.2(2) 127.1(3) 
C4-C3-C8/08 127.5(2) 129.7(2) 125.70) 
C2-C3--C4 07.3(2) (08.) (2) 107.20) 
C3-C4---05 107.1 (2) 106.5(2) 107.3(3) 
N l-05-C4 108.7(2) 109.9)2) 109.1(3) 
Note: (a) the numbering scheme has been changed slightly from the 
original publication to be consistent with those of (1) and (2). 
1271 measured  reflections 
1264 independent reflections 
Refinement 
Refinement on F 
R[F2 > 2a(F2 )1 = 0.046 




H atoms: see below 
w = l/[o'(F,) + (0.0779P) 
+ 0.0235P] 




Mr = 125.13 
Monoclinic 
P2 1 Ic 
a = 6.9093 (9) A 
b = 12.380 (2) A 
c = 7.3256 (11) A 
0 = 107.781 (10) ° 
V = 596.7 (2) A3 
Z=4 
D = 1.393 Mg m 3 
D. not measured 
Data collection 
Sloe Stadi-4 diffractometer 
equipped with an Oxford 
Cryosystems low-
temperature device (Cosier 
& Glazer, 1986) 
w-O scans 
Absorption correction: none 
2891 measured reflections 
887 independent reflections 
Refinement 
Refinement on F2 
REF2  > 2cr(F)J = 0.042 
wR(F2 ) = 0.103 
S = 1.097 
887 reflections 
111 parameters 
All H atoms refined 
W = 1/[o(F) + (0.0572P) 2 1 
where P = (F + 2F/)/3 
(L/a)ma <0.001 
3 standard reflections 
frequency: 60 mm 
intensity decay: 2% 
(/C)nms = - 0.002 
= 0.23 e 





Scattering factors from 
International Tables for 
Crystallography (Vol. C) 
Cu Ka radiation 
A = 1.54184 A 
Cell parameters from 40 
reflections 
o = 20-22° 
= 0.888 rnn 
T = 220.0 (2) K 
Needle 
0.51 x 0.12 x 0.12 mm 
Colourless 
689 reflections with 
1> 2a(l) 
R, 1 = 0.075 
Oma\ = 60.16° 
h = -7 - 7 
k = -13 -. 13 
I = -7 -. 8 
3 standard reflections 
frequency: 60 mm 
intensity decay: none 
Pmax = 0.25 e 





Scattering factors from 
International Tables for 
Crystallography (Vol. C) 
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Table 1. Comparison of bond lengths (A) and angles (°) 
for compounds (1), (2) and (3) 
(I) 	 (2) 	(3)" 
NI--C2 	 1.365(3) 1.383 (3) 1.377(4) 
C2-C3 1.401 (3) 	1.393(3) 	1.389(4) 
C3-C4 	 1.405(3) 1.4000) 1.402(4) 
For (I), all H atoms were freely refined with isotropic 
displacement parameters. except those comprising the methyl 
group at ClO, which was treated as a rotating rigid group. For 
compound (2). the presence of the low-temperature device 
during data collection limited the maximum value of 20 to 
1200 . 
For both compounds, data collection: DIF4 (Sloe & Cie,. 
1990a); cell refinement: DIF4; data reduction: REDU4 (Sloe & 
Cie. 1990b). Program(s) used to solve structures: SHELXS86 
(Sheldrick. 1990) for (I); SHELKTL (Sheldrick, 1994) for (2). 
For both compounds, program(s) used to refine structures: 
SHELXTL; molecular graphics: SHELXTL. 
We thank EPSCR for provision of a four-circle 
diffractometer and an Earmarked Studentship (KW). 
We are also grateful to Glaxo-Wellcome for financial 
support. 
Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM 1194). Services for accessing these 
data are described at the back of the journal. 
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